TRANSACTIONS 


American Society for Steel Treating 


VOL. IX FEBRUARY, 1926 | No. 2 


Th hiect of this Society shall be to promote the arts and sciences connected with 
. either the manufacture or treatment of metals, or both. 
Constitution A. S. S. T. Art. WW. 


THE WINTER SECTIONAL MEETING 


HAT the Winter Sectional Meeting of the Society was a suc- 

cess is fully attested by the enthusiasm shown by those who 
were in attendance. This meeting was the seventh sectional meet- 
ing of the Society and was well arranged by the members of the 
Buffalo chapter. The meeting proper was held in the spacious 
Hotel Statler on Thursday and Friday, January 21 and 22, 1926. 
However, quite a large number of members and the Board of 
Directors gathered on Wednesday, January 20, for the purpose of 
holding meetings for the discussion of Society matters. Two 
committees, in addition to the Board of Directors, held execu- 
tive sessions. These were the Publication Committee and the 
Sub-committee on Tool Steel of the Recommended Practice Com- 
mittee. The report of the Board of Directors’ meeting will 
be published in the March issue of TRANSAcTIONS. Following 
these meetings the ‘‘ Early Birds’’ dinner was held in the Statlet 
dining hall and was followed by a theater party. A large number 
of the Buffalo chapter members attended these last two functions. 


THURSDAY, JANUARY 21, 1926 


At 9:00 a. m., Thursday morning, registration of members and 
guests was begun, and at 10:30 the first technical session was 
ealled to order by the chairman, Dr. Zay Jeffries. A slight delay 
in starting this meeting was occasioned, due to the fact that the 
mayor of the City of Buffalo was delayed in his arrival. How- 
ever, when he did arrive he was most gracious in his felicitations 
and expressed his hope that the meeting would be most success- 
ful and helpful. President R. M. Bird responded. 

The first paper, entitled, The Laboratory as a Factor in the 
Inspection of Alloy and Tool Steels, was presented by the author, 
W. H. Wills, Jr., metallurgist, Atlas Steel Corporation, Dunkirk, 
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N. Y. In presenting his paper the author read it in full, patho 
than in abstract. He emphasized the point that there is decided 
tendency upon the part of tool steel users to buy tool steels 4, 
their own specifications, rather than to buy them according 4, 
brand names. He discussed in some detail some of the isual 
specifications of tool steels and the necessary inspection required 
to properly attest the quality of these products. The subject 9 
quality’? was discussed in considerable detail and the autho» 
emphasized that the growing demand for high quality steels ang 
the need for a closer inspection and check on the materials tseq 
in the production of these steels has contributed much toward tho 
development of properly equipped and operated laboratories, The 
author discussed in detail the duties of a chemical and physical 
laboratory in its relation to production, control and the ultimate 
consumer. 

The second paper of this session, entitled, Influence of Changes 
in Carbide Concentration on the X-ray Structure of Some Pur 
Iron-Carbon Alloys, was presented by the author, Dr. W. L. Fink. 
research bureau, Aluminum Company of America, Cleveland. 

This paper described a technieal research which was done 
by Dr. Fink, in collaboration with the late Professor E. D. Camp- 
bell, former director of the chemical laboratories of the University 
of Michigan, and represents a large amount of painstaking re- 
search. 

His findings give further information on the change from 
alpha iron to gamma iron and furnish additional data on the 
nature of martensite. In introducing his subject Dr. Fink (e- 
seribed briefly the technique involved in the X-ray spectroscopy 
of metals, using stereopticon slides to demonstrate these principles. 

Following the presentation, E. C. Bain of Union Carbide and 
Carbon Research Laboratories, Long Island City, discussed the 
paper briefly, as did also Prof. H. M. Boylston, Case School ol 
Applied Science, Cleveland. 


éé 


Plant Inspection 


At 1:30 p. m. members left the Hotel Statler for an inspection 
trip through the plants of the Curtiss Airplane Co., Donner Stee! 
Co., and General Drop Forge Co. 

The usual sectional meeting banquet was held at 7:00 p. ™. 
Thursday in the ballroom of the Hotel Statler. More than 3! 
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EDITORIALS 


attended this function, as will be observed in the accompanying 
photograph. At the speaker’s table were 23 members and guests 
of honor. After the dinner was served the program was opened 
hy G. F. Armstrong, chairman of the Buffalo chapter, whose un- 
firing efforts had made for the success of this sectional meeting. 
He introduced as toastmaster W. T. Buckley of the Buffalo Cham- 
her of Commeree. The various speakers were R. M. Bird, presi- 
dent of the society; Dr. M. L. Hartman, director, research labora- 
torv, Carborundum Co., Niagara Falls, N. Y.; Albert F. Dohn, 
president Atlas Steel Corporation, Dunkirk, N. Y.; Prof. W. Z. 
Irons, University of Buffalo, and H. W. Cutler, metallurgist, 
Lackawanna plant, Bethlehem ‘Steel Corporation, Lackawanna, 
\. Y., who spoke in place of T. W. Burns, general manager of 
the plant, who at the last minute could not come. A feature was 
the large representation from various steel plants in the district, 
who, when called upon by the toastmaster, arose in a body and 
were cheered. 
FripAY MorRNING TECHNICAL SESSION 

The second technical session was called to order by the chair- 
man, Professor H. M. Boylston, at 10:00 a. m. Two papers were 
scheduled for this meeting. The first was entitled, A Report 
Supplementing the Work Relating to the Effect of Size and Shape 
on the Hardening of Steels, by H. J. French and O. Z. Klopsch, 
Bureau of Standards, Washington, D. C. This paper was ably 
presented by Mr. French and supplemented the paper, which was 
presented at the Cleveland Convention of the Society but re- 
ported principally only one phase of the problem—Characteristics 
of Quenching Curves. 

The purpose of this series of tests was to develop curves for 
\uenching specimens in different quenching mediums, so that the 
effect. of mass could be determined. Specimens consisted of steel 
spheres, cylinders and plates with thermocouples inserted to the 
center of the mass. Special apparatus was employed, by which the 
specimens could be heated to desired temperatures in a vertical 
electric furnace and suddenly dropped through into the quench- 
ing medium which could be held stationary or rotated to hasten 
cooling. The time for the temperature drop was measured. It 
Was found that certain formulas for time of cooling worked out 
in previous experiments held good for small specimens, but for 
larger specimens a time lag was discovered, indicating that the 
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1996 EDITORIALS 165 
rate of cooling from the surface to the center of the mass was 
retarded. From data obtained, a modified formula for time of 
eooling was worked out. 

This paper was discussed at some length by a number of 
members. 

The second paper presented by E. C. Bain, research metal- 
lureist, Union Carbide and Carbon Research Laboratories, Jong 
Island City, was entitled, On the Nature of Alloys of Iron and 
Chromium. This paper was published in January TRANSACTIONS. 

Following the presentation of the paper, several members 
entered a discussion of it. The first discussion presented was a 
written contribution by Dr. Zay Jeffries, in which he pointed out 
that W. P. Sykes, Cleveland Wire Division of the National Lamp 
Works, Cleveland, had also developed the delta iron formation in 
iron-tungsten alloys. Mr. Sykes is reporting his work before the 
American Institute of Mining and Metallurgical Engineers this 
month. 

Plant Inspection 


Friday afternoon was devoted to plant inspection of the fol- 
lowing plants: 
Lackawanna Plant of the Bethlehem Steel Co. 
Pierce Arrow Motor Car Co. 
American Brass Co. 
Simonds Saw and Steel Co. 


FripAy EvENING TECHNICAL SESSION 


The third and final technical session was held in the Hotel 
Statler, under the chairmanship of President R. M. Bird. This 
meeting was called to order at 7:30 p. m. and the first speaker, 
Dr. Birger Egeberg, was introduced. Dr. Egeberg’s contribution 
was entitled Electric Steel Melting from the Metallurgist’s View- 
pot. The author, who is a graduate of the University of Chris- 
tiania, Norway, as a metallurgical engineer in 1912, obtained his 
doctor’s degree from the University of Aix la Chapelle in 1914. 
After serving in the capacity of metallurgist for a large West- 
phalian steel company in Germany, and as chief metallurgist for 
a large nickel company in Norway, as well as chief metallurgist 
with the Stavanger Electro-Stahlverk in Norway from 1919 to 
1924, he entered upon his present work as metallurgist with the 
Haleomb Steel Company of Syracuse. The author pointed out 
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that one of the main problems in the making of iron and 
the reduction of iron from its oxide ores. Theoretically, 31 
duction is simple but, due to the inherent complexities of presey 
day smelting methods, direct reduction is still a thing of ¢}, 
future. The author dealt with the complexities met with in the 
conversion of pig iron and scrap materials into steel, especial] 
as regards some features of electric furnace practice. 

The author discussed the subject of electric steel melting a; 
considerable length and in closing he said that there is much t, 
be learned concerning the electric process. He pointed out tha; 
seemingly identical charges melted down under similar conditions 
do not always give the same results. 

The second paper of the evening, entitled, Macroscopic Er. 
amination of Iron and Steel, by F. P. Gilligan and J. J. Curran. 
Henry Souther Engineering Co., Hartford, Conn., was presente 
by Mr. Curran. 
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This paper is the result of many years’ study of the subjec 
of deep acid etching of steel specimens for the purpose of deter 
mining the soundness of steel. The authors illustrated their pa 
per with many photographs of sections of steel billets, bars, etc 
which showed various conditions of soundness. 

The author stressed the point that this was a rapid test whic! 
could be quickly carried out and one that could be readily inter 
preted by observers without the use of a microscope. 

After the presentation the speaker was asked many ques 
tions which resulted in a lengthy discussion. It was pointed out 
that in the use of the deep acid etch considerable experience is r 
quired to properly conduct the test without drawing false con. 


clusions. , j 
NIAGARA FALLS TRIP 






On Saturday morning, January 23, a group of about 9! 
availed themselves of the opportunity afforded by the energetic 
Buffalo chapter members of a trip to Niagara Falls and to the 
plants of the Niagara Falls Power Co. and the Carborundum Co 

A second group of about 45 journeyed to the plant of the Atlas 
Steel Corporation at Dunkirk, N. Y. From the favorable reports 
which have been circulating, these two trips were well worth 1 
maining over for. 

To close this account of the Buffalo Sectional Meeting withou! 
extending our sincere thanks to the members of the Buffalo chap 
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-their untiring efforts to make this meeting a success, would 
nothing short of ingratitude. The members of the Buffalo 
nter, under the able direction of chairman G. J. Armstrong, 


a 
A Few of Those Who Went to Niagara Falls 
Saturday, January 23, 1926 


certainly did a eredit to themselves and the society. There was 
not a single hitch anywhere in the program, and those who had 
the opportunity of attending this meeting were more than amply 
repaid. 


NEW HONORARY MEMBERS ELECTED 


is with much pleasure that we announce that the Board of 
Directors of the American Society for Steel Treating, at their 
meeting Wednesday, January 20, elected to honorary member- 
ship in the soeiety, Charles M. Schwab, chairman of the board 
of the Bethlehem Steel Co., and Judge Elbert H. Gary, chairman 
of the board of the United States Steel Corporation. 

Kach of these distinguished men have accepted the invitation 
of the board to become honorary members of the society. 


A SUCCESSFUL MEETING 


iy commenting upon the Winter Sectional Meeting of the Society, 

held in the Hotel Statler, Buffalo, N. Y., January 21 and 22, 
1926, the Tren Trade Review in their January 28 issue say: 

‘*The Winter Sectional Meeting of the American Society 

for Steel Treating, held at the Hotel Statler, Buffalo, January 


“1 and 22, 1926, may be characterized as one of the most 


productive meetings which the organization has sponsored, 
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not excepting national conventions. The three techni 


al Ses 


sions were of high order and developed considerable yaly,)) 
discussion. About 300 members of the society and eyes. 
attended the meetings.’’ 

Iron Age in their January 28 issue comment on this 

as follows: 

‘““The high standard attained in sectional meetines of {| 

American Society for Steel Treating was emphasized to 
notable degree by the one held last week in Buffalo. This 
meeting, the seventh of the kind, was conducted under th 
auspices of the Buffalo chapter of the society, at the Hote 
Statler, January 20 to 22. The registered attendance, whic 
reached 300 members and guests, was distinguished by a lary 
number of non-resident members—one of the largest of an 
previous gatherings of this character. Many of the leading 
metallurgists of the eastern section of the country were pres 
ent, as were all of the national officers and all of the board 
of directors except one who was ill. 

‘‘The established policy for these meetings was followed 
a few technical papers and ample time devoted to plant visi 


tations, affording opportunity for the officers and board o! 
directors to become acquainted with the personnel and views 


of the members in different sections of the country. In 
word, the meeting, like its predecessors, took on the impor 
tance of a small national convention.’’ 


SPRING SECTIONAL MEETING 
HE Hartford chapter is handling details for the Spring Se 
tional Meeting, to be held on May 20 and 21, 1926, in 

usual efficient manner. The various committees have been ap 

meeting. The committee appointments are as follows: 

Program Commirrer—L. A. Lanning 

ENTERTAINMENT ComMmiITTEE—J. J. Curran and Ralph M. Jolinso! 


PLANT: INSPECTION AND TRANSPORTATION—R. F. V. Stanton, |b. 
Crum and G. J. Comstock 


Hore, REGISTRATION AND INFOoRMATION—A. H. d’Areambal, |! I, 


Moore, C. W. Atwood and G. 8. Longley, Jr. 
Sgecurine Loca, ATreENDANCE—R. W. Woodward 
Pusuiciry—W. D. Fuller 
Finance—C. A. Allen and E. D. Lambert 
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ON MARTENSITE 


By H. HANEMANN AND A, SCHRADER* 














Abstract 


In this paper the authors first present a review of 
previous investigations regarding the structure of mar 
jensite and austenite in hardened steels, their thermal 
expansion and critical points. The current opinion based 
upon these investigations is that martensite is alpha tron, 
whose space lattwe has been strained by an unstable 
solution of carbon within the lattice. The authors point 
out that the established facts of the: austenite 
martensite reaction cannot be reconciled with the 
alpha «iron hypothesis and gwe their snvestigations 
of a new hypothesis of martensite formation called 
the epsilon-eta hypothesis. They conclude from their in 
vestigations that when austemte changes to martensite 
in quenched steel there 1s @ change in the carbon content 
of the austenite and the martensite. They claim that 
besides austenite and ordinary ferrite, two formations, 
epsilon and eta, are found in quenched steel, and that 
these two are in metastable equilibrium with the austen 
ite. The martensite contains less carbon than the aus- 
lenite, with which it is in contact. A constitution dia 
gram showing the lines of the metastable martensite sys- 
tem is gwen. According to the authors’ hypothesis of 
the martensite system there is a transformation in pure 
iron at a certain temperature. By experiments, this 
temperature was found to be 685 degrees Cent. In per 
forming these experwments small meces of soft Krupp 
iron containing 0.07 per cent carbon were used, and an 
electrocardiograph used for recording the thernal 
changes. A description of the seventy-one photomicro 
graphs is given, 


Review OF Previous INVESTIGATIONS 
Structural Investigations 


AS a result of microscopical examination, Osmond (1)! was 
. able to distinguish two distinct structural constituents in 
hardened steel, namely, martensite and austenite. He described 

: aaa by Gustav Pirk, Research Laboratories, General Electric 


lhe figures 


Company, Schenec 


in parentheses refer to the bibliography appended to this paper. Pages 282-288 


\ paper by Dr. H. Hanemann and Miss A. Schrader, Technische Hoch 
schule, Charlottenburg, Germany, presented before the Cleveland Convention 


the Society, September, 1925, by Dr. 8. L. 
General 


Hoyt, Research Laboratories, 
Klectrie Company, Schenectady, N. Y. 


160 



























































































































170 





TRANSACTIONS OF THE A. 8. 8. T. 






the structure of martensite as being ‘‘needles which may o; 
not be separated by a granular ground mass.’’ He pointed 


4 OUT 
the non-uniform etching of the needles and offered as a_ oxi 


ISS1Dle 


explanation ‘‘the tendency of the needles to separate carbon out 
of their organisms.’’ As he obtained the same needle-like fjoyre 
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erit 
‘‘in annealed as well as in hardened steel,’’ he considered ¢hjs Ar’ 
as positive proof that they are not definite compounds of iron ay Ar’ 
earbon, but that ‘‘under the influence of carbon they exhibit pol 
the crystalline structure of one of the varieties of iron.’’ Ip De 
later paper he designated martensite as beta iron (2). wh 
According to our present knowledge a needle-like constituen of 
is usually an indication of a heterogeneous system. A needle-like : Sel 
structure which resembles martensite is found in various bronze: cal 
and metallic alloys. Such an acicular structure is generally the ten 
result of segregation which occurs in a solid solution at an ae. alp 
celerated velocity. Osmond’s ‘‘needles in a granular ground len 
mass’’ would therefore be classified today as a_ heterogeneous po 
system. the 
Hanemann has shown, by means of tempering experiments, ste 
that needles of martensite contain less carbon than the austenite wh 
with which it is in contact. He proved further that the marten tw 
| site needles, after etching, appear light when they are undecom: er 
posed and yellow to dark if they have undergone a tempering va 
| effect. Such a decomposition ean occur during quenching if tal 
| the velocity of quenching is low. Rawdon and Epstein (4) show th 
numerous illustrations of the martensitic structure for various an 
steels and quenching temperatures. Enlund (5) has described ler 
extensive experiments on the structure of low and high carbon th 
steels. He believes he found austenite in a steel containing ().2) 
per cent carbon. We will show later that Enlund’s observations 
are confirmed insofar that the martensite is heterogeneous, Dut 
his conclusion that the relief polishing of low carbon steel reveals th 
austenite, is incorrect. 7 
8 
Thermal Expansion and Critical Point Determinations sit 





Dejean (6) determined the critical points of certain steels 
which showed a martensitic structure after cooling. He found 
two new critical points in martensitic steels, both straight carbon 
and alloy steels. The first point appears at about 659 degrees 
Cent. (1218 degrees Fahr.) when the steel contains troostite ant 
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MARTENSITE 171 
the second between 200 and 400 degrees Cent. (392 and 752 de- 
vrees Fahr.) only when the steel becomes martensitic. Chevenard 
7) discovered the same critical points by measuring the changes 
‘1 length which take place during cooling. He designated the 
critical point at 650 degrees Cent. (1202 degrees Fahr.) as the 
Ar’ point and the one between 200 and 400 degrees Cent. as the 
Ar” point. Portevin and Garvin (8) confirmed these two critical 
points by means of photographically recorded cooling curves. 
Dejean states that the Ar” point may be separated into two points 
which lie close to each other, and remarks that the explanation 
of martensite might not be as simple as is commonly thought. 
Schneider (9) has also determined the Ar” point; he also measured 
calorimetrically the heat of transformation accompanying the mar- 
tensite formation and ascertained that it differed from the gamma- 
alpha heat effect (10). Matsushita (11) investigated changes in 
length during quenching. As a result of his measurements Ar” 
point was completely established. He finds that the position of 
the Ar” point changes with the carbon content. In low carbon 
steels it occurs at about 500 degrees Cent. (932 degrees Fahr.) 
while in high carbon steels it appears at much lower tempera- 
tures. In high carbon steels the expansion comes below 200 de- 
erees Cent. (392 degrees Fahr.). So, it has been established by 
various investigators and, it is therefore to be considered as es- 
tablished, that the martensite formation which takes place during 
the quenching of steels occurs between 200 and 400 degrees Cent. 
and is accompanied by an evolution of heat and a change in 
length. The martensite which is formed during quenching at 
this temperature is the result of a very rapid reaction. 





X-ray Analysis 


By means of X-ray crystal analysis first Westgren (12) and 
then Weaver (13) found that the atomic arrangement of austen- 
ite is face-centered cubic, while that of martensite is body-centered 
cubic. As Westgren found the inter-atomie distance in marten- 
site to be the same as in alpha iron, this was taken as direct evi- 
dence that martensite is alpha iron. But Wever (14) found that 
the inter-atomie distance is greater for martensite than for alpha 
iron. This discovery is accounted for on the basis of Maurer’s 
hardness theory (21) as a displacement of the atoms due to the 
included carbon atoms. Martensite is therefore considered as 
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alpha iron whose space lattice has been strained by an wnsta)), 
solution of carbon within the lattice. This conclusion is not bind. 
ing, because a chemical compound of iron and carbon could iy. 
a similar X-ray pattern. The present paper will show that mjey. 
scopic observations coupled with the established facts of the austey 
ite-martensite reaction cannot be reconciled with the alpha jroy 
hypothesis. X-ray examinations have further shown that th 
face-centered cubic as well as the body-centered cubic crystal 
in martensite are exceedingly fine-grained (12) (13). 




























Il. EXPERIMENT OF A New Hyporuesis oF MARTENSITE Forman, 
The Metastable Equilibrium, Martensite-Austenite 


As is well known it is possible to produce martensite by in 
mersing austenitic steel in liquid air. This causes a rapid and vig. 
orous reaction to be set up, which at this low temperature leads 
to the formation of martensite from austenite. The formatio 
of martensite during quenching is a rapid reaction, but even so. 
one could suppose that the rapidity of the quench might be sufi 
cient to prevent the martensitic reaction from going to completion. 
Obviously this is different when the reaction takes place in liquid 
) air. In this case the samples remain at a favorable reaction tem 
perature for such a length of time that the reaction stops of its 
| own accord. The reaction starts quickly and proceeds rapidly. 
| After the cessation of the reaction it is evident that a metastable 
equilibrium has been established. Fig. 59 shows the structure of 
a 1.75 per cent carbon steel which was quickly quenched in water 
It consists of an austenitic ground mass through which marten- 
sitic needles are dispersed. The martensitic needles were not col- 
ored, but remained a clear white, while the austenitic ground 
mass etched to a yellowish color. The sample was then tempered 
at 200 degrees Cent. (392 degrees Fahr.) and examined again. 
After this treatment the martensitic needles etched dark, while 
the austenitic ground mass remained unchanged. (Fig. 60. 
The sample was then immersed in liquid air. The section after 
this treatment showed the dark needles, together with many light- 
| etching needles which were newly formed during the immersion. 
(Fig. 64.) Besides, and this is the controlling observation, there 
is also a considerable amount of undecomposed austenite present. 
Similar observations were made on 1.20 and 1.10 per cent carbon 
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steels. Martensite forms in the same way when these steels are 
‘mmersed in liquid air, but the austenite does not, by any means, 
disappear entirely. (Figs. 45 and 49) That the material which 
remained was austenite was proved not only by microscopic exam- 
‘nations of the structure, but also by volumetric and X-ray spec- 
trosecopie methods. (13), (15). If martensite were alpha iron 
then it should be more stable than austenite at room temperature 
as well as at liquid air temperature. If this were so, then the 
austenite Should change completely to martensite during such a 
spontaneous and vigorous reaction. The fact that the reaction 
does not go to completion, but halts when there is a definite quanti- 
tative relation between the reacting substances, forces us to con- 
clude that a condition of metastable equilibrium has been estab- 
lished. This assumption requires the further conclusion that 
when austenite changes to martensite there is also a change in 
the earbon content of the austenite and the martensite. That 
this difference in carbon content between austenite and martensite 
exists has already been proved by Hanemann. (13), (15) These 
experiments were repeated for the martensite which was produced 
in liquid air. Fig. 64 shows the dark martensitic needles which 
were present after quenching plus the light needles which were 
formed during the immersion in liquid air. After this treatment 
the sample was gradually heated to 650 degrees Cent. (1202 de- 
erees Kahr.) and the behavior of the carbon observed. Beginning 
at 500 degrees Cent. (932 degrees Fahr.) particles of cementite 
appear, and at 650 degrees Cent. (1202 degrees Fahr.) the de- 
composition to alpha iron and carbide is complete. The places at 
which the cementite concentrates are so numerous and lie so close 
together that there is an exceedingly large number of cementite 
particles in each martensitic needle, and in the surrounding austen- 
ite. It is obvious that there is no appreciable diffusion of carbon 
during tempering which could be responsible for this difference 
in cementite content of the austenite and martensite. On the other 
hand, the carbon gathers at the nearest lying cementite nuclei. 
The number of cementite particles which form on tempering the 
steels at 650 degrees Cent. (1202 degrees Fahr.) is therefore an 
indication of the amount of carbon which was formerly in solid 
solution. This structural examination also shows positively that 
the martensitic needles which are formed in liquid air are also 
poorer in earbon than the adjacent austenite. (Figs. 67 and 68). 
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This discovery together with the fact that the formation 
tensite in liquid air does not use up all of the austenite. despite 
the vigorous reaction, forces us to conclude that martensite in 
the so-called *‘Fer de Lance’’ structure, is a phase in metastab). 
equilibrium with the austenite in the iron-carbon system, (15 

In this connection there is another observation on the sty 
ture of martensite which shows that the martensitic needles ay 
different from alpha iron. If steel containing 0.05 to 0.20 pet 
cent carbon were quenched, the formation of ferrite can be con. 
pletely suppressed only by most rapid quenching. Usually, jp 
addition to the martensite needles, some ferrite needles («/)j, 
iron), as well as ferrite as a net-work, are formed. These erystals 
of ferrite are clearly differentiated from the martensitic needle; 
by their hardness and by their color after etching. (Figs. 18 and 
19.) Furthermore, there is no gradual transition between these 
two forms of needles. This distinct difference would be improb. 
able if the martensitic needles were alpha iron. 


L Mar. 


ue- 


The Distribution of Carbon in Martensite 


The observation which has already been stated, namely, that 
martensitic needles after tempering at 650 degrees Cent. (120? 
degrees Fahr.) contain fewer cementite particles than austenite 
has been interpreted differently by Maurer (21). He assumes 
that the martensitic needles after a short temper at 650 degrees 
Cent. (1202 degrees Fahr.) are not completely dissociated into 
alpha iron dnd cementite. Reference is made to the exhaustive 
experiments described above on the separation of Fe,C during 
tempering, and particularly to the fact that the non-uniformit) 
of the cementite distribution was established after tempering at 
650 degrees Cent. (1202 degrees Fahr.) for fifteen minutes. It !s 
hardly to be doubted that the steel after tempering at 650 degrees 
Cent. (1202 degrees Fahr.) for fifteen minutes is completely ¢e- 
composed into alpha iron and Fe,C without any remnants of solid 
solution. In order to present further evidence bearing on this 
important point in the hardness theory, a 1.75 per cent carbon 
steel was quenched from 1125 degrees Cent. (2057 degrees Falir. 
This treatment produced a structure which was composed of austen- 
ite and martensite. (Fer de Lance) This steel was then held for 
fifteen minutes at 950 degrees Cent., (1742 degrees Fahr.) that 
is above Ac,, and quenched again. Now it contained martensite 
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without cementite where there were formerly martensitic needles ; 
and martensite with cementite particles where there was formerly 
austenite. (Figs. 69, 70 and 71.) Thus it was finally proved 
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Carbon Content 


Fig. A—Iron-Carbon Diagram Show 
ing the Lines of the Metastable Mar- 
tensite System. 


that martensite contains less carbon that the austenite with which 
it is in econtact?. 


A Proposed Constitution Diagram for Martensite 


All of the previously mentioned observations have led us to 
the assumption that martensite is composed of two previously un- 
known phases of the iron-carbon system which differ from alpha 
and gamma iron. These phases have been designated as the 
epsion and eta phases. -The following hypothesis is proposed, 
namely, that these two phases are in metastable equilibrium with 


“The fact that one must heat to 950 degrees Cent. (1742 degrees Fahr.) to redissolve the 
mentite in the austenitic needles indicates that the line VV; is sloping (Fig. A). 
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COruary 


the austenite, and have a constitution diagram such as is showy 
in Fig. A, that is, they form a so-called peritectoid equilibrium 
The concentration of carbon has been assumed to be 0.10 per coy; 
at U, 0.89 per cent at V, 1.40 per cent at W and the temperatyy. 
at T to be 685 degrees Cent. (1275 degrees Fahr.) and that .; 
U, V and W, 350 degrees Cent. (662 degrees Fahr.) This equili) 
rium will be designated as the martensite system or metastab) 
system II (the cementite system as metastable system I.) x 
the equilibrium lines of the martensite system lie at a lower tem. 
perature than those of the cementite system, the transformatioys 
can follow the martensite lines only when prevented from follow. 
ing the cementite lines, i. e., on rapid quenching. In this way 
the lines of the cementite system are passed through without pro- 
ducing the corresponding transformations and below Ar, the iron. 
carbon alloys remain in the gamma state. The rate of quenching 
must also be so rapid that no troostite will form at Ar’. Then 
the transformation of the gamma solid solution follows the lines 
of the metastable equilibrium II. Steels with less than 1.40 per 
cent carbon pass first through a two-phase equilibrium UTW and 
then, at about 350 degrees Cent. (662 degrees Fahr.) through a 
three-phase equilibrium UVW. The epsilon phase occupies the 
field TUU, of the constitution diagram and the eta phase either 
the line VV, or else the area designated by V,VV.. It is as 
sumed that the rate of formation and the velocity of crystalliza- 
tion of the epsilon and the eta phases are of such a magnitude 
that it is not possible to suppress their growth by means of an) 
known method, even by the most rapid quenching. Therefore, 
the transformations of all steels which lie to the left of W, which 
follow the martensite system, begin with the separation of epsilon 
out of austenite. Immediately following, in steels which lie to 
the left of the point V, eta forms to produce the equilibrium be 
tween epsilon and eta in the field U,UVV,. The completion of 
this equilibrium involves a reaction between epsilon and gamma, 
and inasmuch as the epsilon crystals become enveloped by efa at 
UVW, this reaction between epsilon and gamma cannot go to 
completion. Small rests of gamma crystals remain enclosed in 
eta. Such arrested reactions, i. e., where only partial equilibrium 
is obtained, are always found to accompany peritectic reactions. 
Therefore they will be even more likely to accompany peritectoid 
reactions which occur in the solid state. 
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In steels lying between V and W, epsilon erystallizes first 
and then efa, as a result of the reaction between epsilon and 
gamma. Small amounts of epsilon are again left over as a result 
of the incomplete reaction. 

In compositions to the right of the point W the transforma- 
tion begins with the formation eta out of gamma, so that epsilon 
does not occur in these steels. An equilibrium between eta and 
gamma is then established. (19) 

The lines UU, and VV, are assumed to be parallel to the tem- 
perature axis, while the line WW, is assumed to be at an angele. 
Mt present, the existence of the line VV. is problematical. As 
a result, the heterogeneous equilibrium between epsilon and cta 
does not change under the influence of temperatures below 350 
degrees Cent. (662 degrees Fahr.) On the other hand the eéa- 
gamma equilibrium changes markediy with the temperature. 
sequently, if a steel which is in the metastable eta-gamma 
rium be cooled to liquid air temperature, 


Con- 
equilib. 
the equilibrium will 
be destroyed and more eta must crystallize out t 
dition of equilibrium. 


O restore the con- 


One of us(3) has attempted to construct a metastable con- 


stitution diagram for martensite by extending the minor lines 
of alpha (or beta) iron. Guertler (16) produced a diagram in 
which all of the saturation limits of the then known phases of 
iron were projected into the unstable region with the opinion 
that all theoretical] possibilities were exhausted. Dejean (17) 
gives a diagram in an attempt to explain the critica] point at 
Ar". If any of these older conceptions be true, then one should 
obtain a hard constituent composed of a single phase. This 1S, 
however, not the ease, as the following observations on the strue- 
ture will show. What we actually get is a heterogeneous st rue- 
ture in all steels which contain 0.10 per cent carbon or more. 
The new hypothesis of the martensite system requires a trans- 
formation in pure iron at T. 


"he Critical Point in Pure [ron and the Epsilon Phase 


According to the assumption of this hypothesis a change of 
State can only oeeur at T when gamma iron is cooled so rapidly 
that the gamma-alpha transformation at A r, does not oceur. The 
change of state at T must be associated with a heat effect, ¢ 


as 
‘Wenched pure iron has a different internal structure than gamma 
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iron. Accordingly, experiments were conducted to determine th 
temperature at which the heat effect occurs during the quenchino 
of pure iron. 

In the performance of these experiments small pieces of soft 
Krupp iron in amounts of about 1 gram were used. The time of 
cooling from 1100 degrees Cent. (2012 degrees Fahr.) to rooy 
temperature was 4 seconds when an oil quench was used. 

It is not possible to record the thermal changes during such 
a rapid quench with the usual equipment, for the temperature 
change is so rapid that it cannot be followed closely enough with 
a. pointer galvanometer, nor can it be recorded photographically 
with the mirror galvanometer of a Saladin apparatus without jp. 
troducing an error due to the inertia of the moving parts. 

The ‘‘electrocardiograph’’ was therefore used, for this pur. 
pose. The Siemens and Halske Co., Wernerwerk, permitted the 
use of their electrocardiograph under the arrangement that the 
experiments be conducted in their laboratory. Through the cour. 
tesy and help of chief engineer O. Schoene, the apparatus was 
set up and the numerous experimental difficulties successfully 
overcome. 

In the electrocardiograph the current which is to be measured 
is passed through a measuring device which is suspended in a 
strong magnetic field and carries a light rotating mirror. The 
mass of the measuring device, including the mirror, is so small 
and the mounting is such that the natural period of vibration is 
only 1/50 of a second. The deflections of the cardiograph were 
projected on a rotating photographic film by means of the mirror 
and a beam of light. With this apparatus it is easily possible 
to record fluctuations of an electric current which occur in 
fraction of a second.® 

The next step was to prepare an iron-nickel thermocouple. 
The bare element was quenched and during the quenching the 
thermo-electromotive force was recorded by the electrocardiograph. 
This procedure indicated that the quenching could not be per 
formed in water because certain disturbing electromotive forces 
are set up when the hot iron comes in contact with the water, 
and which are probably of electro-chemical origin. On quench: 
ing the couple in oil a curve was obtained which showed a decided 
inflection at a temperature above 600 degrees Cent. (1112 degrees 


‘Further details on the electrocardiograph may be obtained from the publicatiol 
Siemens and Halske 
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ahr.) but which otherwise ran smoothly. The nickel-iron thermo- 
couple, however, shows a change in thermal electromotive force 
in the neighborhood of 600 degrees Cent. (112 degrees Fahr.) 
even on slow cooling. ‘Therefore it was necessary to choose a 
thermo-element whose electromotive force was a linear function 
over the temperature range in question. 

The next type of thermocouple was constructed by making 
clits in a small piece of iron and clamping a platinum and a plat- 
inum-rhodium wire in each slot. The thermal electromotive force 
of iron against platinum was eliminated in this way, so that only 
the electromotive force of platinum and platinum-rhodium wire 
was recorded. With this arrangement a critical point was again ob- 
served just above 600 degrees Cent. (1112 degrees Fahr.) Finally 
the junction between the platinum and platinum-rhodium wires 
was clamped in one of the slots of the iron sheet. The iron used 
was Krupp’s soft iron with 0.07 per cent carbon. The curve 
which was obtained is reproduced in Fig. B on a reduced seale. 
Fig. C illustrates the arrangement of the thermocouple and the 
iron sample used to obtain this curve. The critical point de- 
terminations were repeated three times on different days and 
showed the heat effect to come at the following temperatures: 

Critical Point Determination of Pure Iron during Quenching 


Exp. No. Calibrated Loeation of Temperature T 
length of seale Critical Point °C 
for 5 millivolts millimeters millivolts 
l 35 mm 42 6.00 685 
2 44 mm 53 6.02 685 
3 43 mm 52 6.05 690 


Immediately after obtaining the curve shown in Fig. B, the 
thermocouple together with the test sample was calibrated against 











Fig. B—Cooling Curve of Soft Iron Quenched in Cold 
Oil, Recorded with the Electrocardiograph. 


a standard thermocouple on slow heating and cooling. Accordingly 
the new critical point which is required by our hypothesis has 
been found. Its temperature T is taken to be 685 degrees Cent. 
1265 degrees Fahr.) 

At first one might consider this transformation at T as a de- 
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1926 






layed gamma-alpha change, but the difference in tem) 





















eratin 3 

between 900 and 650 degrees Cent. (1652 and 1202 degrees Fahy a 
seems to be too large to be explained as a simple undercooling iron 

effect. It is more likely that pure iron behaves in a manner Which degre 
has heretofore been observed only in carbon steels, namely, tha form 
on exceeding a certain rate of cooling a new critical point appears tion. 

In carbon steels the rate of quenching determines whether F in sol 
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Fig. C—Arrangement of the 
Sample and Thermocouple for 
Recording the Cooling Curve. 





the Ar’ or the Ar” point will appear. At Ar’ troostite is formed 
and at Ar” martensite. Ar” is not therefore a super-cooling of 
Ar, but is caused by the appearance of a reaction which differs 
from that of pearlite formation. 

The cause of these phenomena seems to reside in the nature 
of pure iron. If a certain critical rate of quenching be exceeded 
it is no longer alpha iron, but a new modification, epsilon iron, 
which forms from gamma iron. The critical point at T could 
therefore be called the Ar” transformation of pure iron. 

It is to be suspected that the atomic arrangement of epsiloi 
iron is the same as that of delta and alpha iron. It is not now 
known whether it will be possible to find any small differences 
in atomic arrangement between alpha, delta and epsilon iron. Ac 
cording to what we now know, the difference between alpha and 
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ratun : Jelta iron lies in the temperature ranges at which they are stable. 
ahr, © \ccordingly the feature of epsilon is that it forms from gamma 
Ooling : ‘ron which has been under-cooled to 685 degrees Cent. (1265 
Which : degrees Fahr.) A difference between the alpha and the epsilon 
, that > form lies in the amount of carbon that each can hold in solid solu- 
Pears, © tion. Epsilon iron dissolves up to about 9.10 per cent carbon 
hether > jn solid solution, while alpha iron dissolves only about 0.006 per 
cent. (22) Epsilon colors differently from the alpha on being 
etched and sharp boundaries are observed between the two phases. 
(Fic. 19) The new phase might have been designated as the 
alpha prime phase. Likewise, the point U could have been ob- 
tained by prolonging the line GP. However, if the phase be 
designated as epsilon much confusion will be avoided. The differ- 
ence in tensile properties between alpha and epsilon is also to be 
horne in mind. The following values were obtained on a steel 

with the following composition : 


Carbon Manganese Phosphorus Sulphur 
0.05% 0.37% 0.053% 0.048% 


E1.Lt. Y.P. T.S. Elong. R.A. B.H.No.* 
Annealed at 950°C 


cooled slowly (alpha) 26,000 34,300 52,500 30% 47% 122 


~~ 


Quenched rapidly 
from 950°C (epsilon) 43,000 61,000 85,000 15% 41% 160 


Brinell Numbers Obtained by Using a 10-millimeter ball, 500-kilogram load for 30 seconds. 


Ill. INTERPRETATION OF THE MARTENSITE STRUCTURE BY MEANS OF 
THE EpstLon-EtTA HYporuesis 


ormed 


ing of The Quenching Operation 
differs In order that the details of the structure could be easily 


studied it was necessary that the martensite be coarse-grained. 
nature — — 


eeded 


| iron, 


Carbon and manganese content of the steels used 


; Carbon Manganese Carbon Manganese 
eould No. Content Content No. Content Content 


Per Cent Per Cent Per Cent Per Cent 
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Practically speaking, the steels had to be greatly overheated 
produce this effect. The results obtained may, however, }), 
to fine-grained martensitic steels as the nature of the 

is independent of the grain size. (Figs. 33, 34 and 36, 37 
samples were therefore heated to a high temperature in the gy 
field so that all of the alpha iron was eliminated and the ear) 





ppl , 
tr ley ire 


The 


Hei 


uniformly distributed throughout the solid solution. On the oth» 


hand, the lower the quenching temperature, the smaller js 
quantity of heat to be conducted off during quenching, hp), 


the 


fore the speed of quenching small samples must increase ag th, 
quenching temperature is lowered. <A study of these consideratigys 
led to the following technique. The steel was cut into piecg 
2 to 4 millimeters thick which weighed from 5 to 10 grams. hp 
samples were placed in an evacuated porcelain tube to preven 
oxidation and were heated to a temperature of about 1100 degrees 
Cent. (2012 degrees Fahr.) for one half hour. The temperatur 
of the furnace was then lowered to about 50 degrees Cent. (1 


degrees Fahr.) above Ar, or the line ES of the iron-carbo 


equilibrium diagram. 


The samples were then quickly quenched 


in cold water. <As the rate of grain growth at 1100 degrees Cent 
(2012 degrees Fahr.) is not alike for all steels, various grain sizes 
were obtained. Unfortunately, the needle structure produced 01 
quenching coarse-grained gamma iron is sometimes so fine-grained 
that not all of the details were completely resolved. On visual 
examination the differences in color of the various constituents 
enable one to see more than is apparent in a black and white 


photograph. 


Polishing and Etching Methods 


In the preparation of these samples even the slightest heating 
had to be avoided as some structural transformations occur 
as low a temperature as 80 degrees Cent. (176 degrees Kahr 
Therefore wet grinding was employed. During fine grinding tle 
process was frequently interrupted and the sample placed in cold 
water. The utmost care was taken to prevent any heating what. 


soever. 


The samples were etched with a 1 per cent solution of al 
coholie nitric acid. The solution was prepared by adding nitr 
acid, sp. gr. 1.4 to absolute alcohol. The time réquired to etch the 


samples was 12 to 1 
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seconds for quenched specimens, a some: 
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what shorter time being required for tempered samples. The 
nortion of the field to be photographed was marked by means of 
‘a scratch apparatus manufactured by the Winkler Co. Thus 
+ was always possible to locate the same portion of the field. 
Murther thermal treatments were carried out either in an oil bath 
or in vacuum so as to prevent surface oxidation. The sample was 
therefore polished and etched twice. The amount of material re- 
moved during polishing and etching twice is so small compared 
ty the size of the structure that the same crystal can be observed 
before and after the heat treatment by the aid of this process. 


Description and Interpretation of the Micro-structure of 
Quenched Steel 

On quenching steels containing 0.07 and 0.08 per cent car- 
bon (Figs. 1 to 9) two separate structures are obtained and at 
times in the same sample. The structure is either polygonal as 
in Figs. 1 and 2, or needle-like or acicular as in Figs. 6 and 7. 
None of the quenched specimens show pearlite. In the annealed 
samples, however, cementite appears as particles at the grain 
boundaries or even as lamellar pearlite, as is shown in Figs. 3 
and 4. On tempering the hardened sample at 350 degrees Cent. 
662 degrees Fahr.) cementite particles appear, (Fig. 8) prac- 
tically all of which have coalesced to form large particles at 
650 degrees Cent. (1202 degrees Fahr.). (Figs. 5 and 9). 

The hardened samples, therefore, consist of a solid solution 
of carbon in iron. This solid solution contains the iron in the 
epsilon form. On tempering, the epsilon iron changes to alpha 
iron with the precipitation of Fe,C. Even on tempering at 
300 degrees Cent. (572 degrees Fahr.) Fe,C crystals can be de- 
tected by means of the sodium picrate etch, while in the quenched 
sample cementite. cannot be found. The size and form of the 
epsilon crystals is not altered by the change of alpha iron. 

This difference in structure—polygonal or needle-like—can 
e explained as due to a difference in segregation along the lines 
TU and TW, according to the quenching velocity and possibly 
also according to the local concentrations of manganese and phos- 
phorus. If this segregation is so slight that the composition of 
the austenite does not reach the point W, then eta does not form, 
ind the whole mass will erystallize as epsilon. In this ease a 
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STEEL ConTaInine 0.08 Per Cent CaRBon, AND 0.35 PER Cent MANGANESE ; 

Fig. 1—Held One-Half Hour at 1200 Degrees Cent., Cooled Slowly to 950 Degrees Cent., 
and Then Rapidly Quenched. Homogeneous Epsilon Crystals with Sharp Grain Boundaries. 
The Dark Spots are Slag Inclusions. 150X. Fig. 2—Epsilon Crystals. Oementite is Not to 
be Noticed. 600X. Fig. 3—Held One-Half Hour at 1200 Degrees Cent., and Cooled Slowly to 
Room Temperature. Grain Boundaries are More Rounded than in Fig. 2. Slag Inclusions. 
150X. Fig. 4—Ferrite and Cementite. Fe,;C Appears as a Worm-Like Constituent (Network) 
Closed at the Grain Boundaries. 600X. Fig. 5—Quenched as in Fig. 1 and Tempered at 39 


Degrees Cent. Ferrite Plus Numerous Cementite Particles. These Appear Dark Due to Their 
Fineness. 600X. 








MARTENSITE 


.. STEEL ConrarInInG 0.07 Per CENT CaRBON AND 0.37 PER CENT MANGANESE 
Cent., Fig. 6—Held One-Half Hour at 1200 Degrees Cent., Cooled Slowly to 950 Degrees Cent., 
daries. and Then Rapidly ‘Quenched. Epsilon Crystals with Various Orientations, Which Have Grown 
Not to vith Irregular (Zig-Zag) Grain Boundaries. The Original Coarse Grains of Iron are Still 
wly to wae 150X. Fig. 7—In the Epsilon Crystals Eta is Enclosed in the Form of Fine Grains 
hich Occur as Parallel Markings. ray Inclusions. 600X. 
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I 5 Sta 


needle-like structure cannot form as there is but one type . 
present, and this in the form of large areas which wil! 


aA C Sim- 
ilarly oriented. Even if epsilon, after overstepping the TW 
Ginimag 


started to crystallize as needles from nuclei within the 
grain, a polygonal structure of epsilon crystals would wl; 


imately 


result as all of the gamma is used up and the epsilon needa 


which now touch each other, have the same orientation over coy 
siderable areas. After completing this: recrystallization the str. 
ture consists of epsilon grains, generally with sharp boundaries. 
and smaller than the original gamma grains. The indiyidy,| 
epson grains show a mixed orientation. (Fig. 2). The glyph, 
grain was (Fig. 3) more rounded at the grain boundaries. — 

It may also happen, due to failure of complete equalization ; 
the concentration, that the carbon will increase in the gam 
iron up to W and then that some eta will form as a result of the 
reaction between epsilon of the concentration U and gamma of 
the concentration W. Therefore the epsilon grains cannot groy 
so that neighboring grains will meet. Obviously the growth o| 
the epsilon phase out of the gamma grains proceeds in the same 
direction as other segregations which form in gamma, namely, 
along the octahedral plane, so that the epsilon crystals assume 
lamellar form during their growth. Now, if the individual lamel- 
lae do not touch, either because of the eta erystals which formed 
between them and thus separate them, then, after crystallization 
has stopped the structure will be similar to the Widmanstatte 
structure and will consist of epsilon needles and grains, imbedded 
between which will be efa@ as needles and spheroids (Fig. 6). 

By means of an etch attack it will be seen that any grou 
of epsilon needles and platelets has the same orientation. (Fig. 
7). The boundaries of the original gamma grains are still ob 
served in the structure. The crystallization of the epsilon phase 
and the epsilon-eta-gamma mixtures, which will be described later, 
is the cause of the formation of the acicular martensitic struc- 
ture. 

In steels with less than 0.10 per cent carbon, the efa con- 
stituent can appear only as a result of an incomplete transforma- 
tion. In steels containing from 0.10 to 0.90 per cent carbon 
(Figs. 10 to 39) the eta phase is a constituent of the hetero- 
geneous metastable equilibrium, and is therefore always present. 
The epsilon phase can never develop to simple. polygonal grains 


netw OVh. 


ite 
tenslu 


Th 
from tl 
earbon 
about 
that 1s 
degrees 
peratu 
662 de 
Kahr. 
line T 
with t 
needle 
inate 
and tl 
tals 0 

oOmp 
sition 
tion, 
epsilo 
ture 3 
at a | 
ture 
This 
Une 


perit 





> Sin. 

TW. 
“inp () 
nately 


eles 


ion | 


Lina 


nad Ol 
YTOW 
th of 
same 
mely, 
ime a 
amel- 
rmed 


‘ation 


rou 

Hig, 
| ob 
phase 
later, 
truc- 


con- 
rma- 
irbon 
tero- 
sent. 


rains 


MARTENSITE 187 


‘ch touch each other, but is always surrounded by an eta 
aati On this account the Widmanstatten structure of mar- 
iil is always obtained providing the grain size is not too 
mall. Figs. 10, 20, 23, 27, 31, 33, and 38). 

With an imerease in carbon content from 0.10 to 0.90 per 
cont there is a decrease in the epsilon phase and an increase in the 
eta phase. As a result, the epsilon erystals become smaller and 
‘he needles finer and finer while the surrounding eta phase be- 
comes broader and finally constitutes the ground mass. (Figs. 11, 

21, 24, 28, 33, 34, 37 and 39). 

The temperature range of the epsilon crystallization extends 
from the line PW to the line UW and varies in extent with the 
earbon content. At 0.10 per cent carbon the range extends from 
about 675 to 3850 degrees Cent., (1247 to 662 degrees Fahr.), 
that is, over a span of approximately 325 degrees Cent. (617 
decrees Fahr.) At 0.90 per cent carbon the extent of this tem- 
perature range 1s from about 530 to 350 degrees Cent., (986 to 
(62 degrees Fahr.) that is, about 180 degrees Cent. (356 degrees 
Fahr.). The epsilon particles which first form on passing the 
line TW originate at the grain boundaries, as is always the case 
with this kind of precipitation, and grow to long needles. The 
needles which form on further cooling and erystallize later, orig- 
inate in the inner part of the grain and therefore remain shorter 
and thinner. (Figs. 27, 28, 31, and 32). All these epsilon erys- 
tals originate at a temperature which probably is above the de- 
composition temperature of epsilon on tempering. The decompo- 
sition of epsilon can therefore start immediately after its forma- 
tion, during the first quench. This tempering effect on the 
epsilon crystals during quenching increases with the tempera- 
ture at which they form and with the length of time they remain 
at a high temperature. Besides, on quenching from the tempera- 
ture UW (Ar”) a thermal evolution occurs during quenching. 
This heat effect favors the decomposition of the epsilon needles. 
Une may therefore expect that the epsilon decomposes when the 
peritectic heat effect is large and when epsilon begins to erystal- 
ize at a high temperature, as in steels which contain from 0.40 to 
80 per cent carbon. The decomposed needles may be recognized 
vy their darker color on etching. One actually finds that epsilon 
etches light in steels which contain less than 0.40 per cent carbon. 
Figs. 27, 31, 33, and 38). In steels containing 0.40 to 0.80 
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i ( bruary 


per cent carbon it is not possible to obtain all of the epsilon jy, 
an undecomposed condition, even if a rapid quench be used 
In this case some of the epsilon needles and especially the maggiy, 
ones will etch dark. In steels with a higher carbon content +), 
quantity of darkly etched needles again decreases while in gta 
with more than 1.00 per cent carbon it is possible to produce aj) 
of the epsilon needles in an undecomposed condition, which wi] 
etch light. (Fig. 40.) 

As a result of the appearance of two kinds of needles whic} 
color differently, besides eta, in certain steels, it might be gs 
pected that we have a fourth metastable phase in addition t 
epsilon-eta-gamma, But as long as it seems possible to explain 
the facts with the present hypothesis it is unwise to develop 
more extensive one. 

If a complete equilibrium were established in steels contain 
ing from 0.10 to 0.89 per cent carbon, then all of gamma should 
transform into a mixture of epsilon and eta on quenching. \s 
a result of the incomplete reaction, however, small amounts of 
gamma are left over. The structure, besides being composed o! 
epsilon and eta, also contains some gamma (austenite), the quan 
tity of which increases with the carbon content. According to 
the conductivity measurements of Enlund (5) on tempered steels, 
it seems likely that austenite occurs in steels with as little as 
0.20 per cent carbon. Austenite has been observed microscop 
ically in steel containing as little as 0.75 per cent carbon. This 
may be done’ by tempering quenched steels at 200 degrees Cent. 
(392 degrees Fahr.), at which temperature the austenite will not 
decompose, while epsilon and eta will. The austenite will there 
fore appear light and epsilon and eta dark in the microsection. 
(Fig. 35) 

Enlund (5) claims to have found appreciable amounts 0! 
austenite in quenched 0.20 per cent carbon steels which were 
made visible by relief polishing. Upon checking up these results 
it was proved that the epsilon crystals have a varying hardness 
according to their position in the section. It is commonly known 
that the hardness of single crystal faces depends on the orienta- 
tion. This explains any martensite-like relief polishing which may 
have taken place during polishing, even though no austenite or 
just a trace of it were present. (Fig. 14). The eta phase 's 
therefore imbedded in the depressed as well as in the elevated 
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relief structure, and is made visible only by etching. (Fig. 15). 

if a steel consisting of epsilon and eta be immersed in liquid 
vir no further reaction will take place. After the liquid air 
rreatment, the quantitative relation between epsilon and eta has 
not changed any, at least not at this low temperature. (Fig. 21 
and 22). This leads to the conclusion that the lines UU,and VV, 
are parallel to the gamma axis. A change in the metastable 
equilibrium will therefore not occur on cooling the sample be- 
low room temperature. 

On tempering the steels, the existing solid solutions decom- 
pose into alpha iron and Fe,C. On tempering at 600 degrees 
Cent. (1112 degrees Fahr.) this change, especially the grain 
erowth of cementite, has progressed to such an extent, that all 
of the earbon may be made visible by etching the cementite with 
sodium pierate. The progress of this cementite precipitation may 
he followed by observing the same field after tempering at sue 
cessively higher temperatures. One may determine if the quan- 
tity of cementite particles is quantitatively related to any strue 
tural constituents which may be present. (Figs. 16, 17, 25, 26, 29, 
and 30.) This proves that the epsilon erystals after tempering 
consist of ferrite with little included Fe,C, and that the eta 
crystals transform into ferrite with considerable included Fe,C. 
In the determination of the carbon concentration of epsilon and 
cla the method which has been previously described for eta- 
gamma is employed and it may be proved that epsilon and eta 
have a different carbon content. (Figs. 12, 17, 24, 26). From 
this we conelude that epsilon and eta are separate phases. 

lt may be further mentioned, that the alpha erystals which 
are formed from a mixture of epsilon and eta on tempering, will 
etch differently, depending on whether they have originated in 
epsilon or eta. (Figs. 12 and 17). Probably they have a heter- 
ogeneous orientation. The ferrite formation after tempering re- 
produces the needle structure of epsilon and eta which was formed 
after quenching. 

If these steels are quenched from temperatures between Ar, 
and Ar,, ferrite ean be obtained along with epsilon and eta. (Figs. 
18, 19). The epsilon and alpha ferrite crystals are sharply de- 
lineated after etching and they never grade into each other. (Fig. 


19 l'requently, thin alpha ferrite needles lie intimately mixed 


with epsilon. From this microsection we may conclude that epst- 
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STEEL CONTAINING 0.07 Per Cent Carbon AND 0.87 Per CENT MANGANESE 

Fig. 8—Quenched as in Fig. 7. Tempered at 356 Degrees Cent. At the Places of the Eta 
Grains, and Out of the Homogeneous Platelets Which are Shown in Fig. 7, Cementite Particles 
of Various Sizes Have Been Precipitated. Ground Mass is Alpha Iron. The Alpha Iron Shows 
Various Orientation, as Well as the Epsilon Crystals, Out of Which It Originated. Therefore, 
the Needle-Like Structure is Retained. 600X. Fig. 9—Quenched as in Fig. 7, but Tempered 3! 
650 Degrees Cent. The Cementite has Coalesced Into Large Particles. The Needle-Lik 
Structure is Retained. 600X. 
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STEEL CONTAINING 0.13 Per Cent CARBON AND 0.50 Per Cenr MANGANESE 


Fig. 10—Held Three-Fourths of an Hour at 


pearees Cent., and Then Rapidly Quenched. 
ariou 


1120 Degrees Cent., Cooled Slowly to 920 
‘*Martensite’’ Epsilon mm Acicular Needles and of 
s Orientation is Intergrown with Eta. The Original Gamma Grain May Thereby be 
Grouped Into Light and Dark Needles and Platelets. In the Middle a Long Narrow Slag 
Inclusion Will be Seen. 150X. Fig. 11—Grain “a” of Fig. 10 Epsilon in the Form of Long 
Narrow Needles, Surrounded by Darkly Etched Eta which Stands in Relief. 1200X. 
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STeeL CONTAINING 0.13 PER CENT CARBON AND 0.50 PeR CENT MANGANESE 
Fig. 12—Grain ‘“‘b’’ of Fig. 10. Epsilon in the Form of Darkly Etched Platelets. Sur 
rounded by Eta Standing in Relief. Section Perpendicular to Longitudinal Axis of Epsilon 
Needle. 1200X. Fig. 13—View of an Individual Grain of the Field Shown in Fig. 1 
Eta is Only Slightly Elevated Above Epsilon. As is Readily Seen, Epsilon and Eta al 
Orientated so That There is but a Slight Difference in Etch Characteristics, 1200X. 
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STEEL CONTAINING 0.13 Per Cent CARBON AND 0.50 Par CenT MANGANESE 


_ Fig. 14—Relief—Polished with Alumina. Not Etched. Eta Crystals of Various Orienta- 
tions Appear at Various Elevations in the Figure. 600X. Fig. 15—Same Field as Fig. 14. 
Etched After Relief Polishing. One Sees That the Various Elevations of Epsilon Crystals in 
Fig. 14 are Indicative of a Difference in Orientation. Small Eta Particles are Surrounded in 
All-Epsilon Platelets, 600X. 
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STESL CONTAINING 0.13 PeR Cent Carson AND 0.50 Per CENT MANGANESE 


Fig. 16--Tempered at 600 Degrees Cent. Same Field as Fig. 10. Alpha Iron with Fes 
The Irregular Grain Boundaries of the Alpha Iron have been Maintained in the Epsilon-bta 
Mixture. 150X. Fig. 17—Same Crystal as Fig. 11. Needle-Like Ferrite Crystals with Little 
Included Cementite (Epsilon was at These Places Before Tempering), Surrounded by Clear!) 
Defined Ferrite with Large and Numerous Cementite Crystals, 1200X. 
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STEEL CONTAINING 0.13 Per Cent CaRBnon 
Fig. 18——-Held One-Half Hour at 1100 Degrees Cent., Cooled to 950 Degrees Cent. and 
then Quenched Martensite Structure as in Fig. 10, but with Ferrite Network at the Grain 
Joundari: 150X, 


AND 0.50 Per Cent MANGANESS 


tensite Structure. 
Defined It 
Stands Out 
Marte nsit 


Fig. 19—Same as in Fig. 18. Needle and Leaf-Like Epsilon in Mar- 
Epsilon Surrounded by Eta which is Standing in Relief and is Clearly 
is Crossed by a Ferrite Streak. The Ferrite is not Colored by Etching and 
Against Epsilon as a Light Constituent. Small Ferrite Needles Project Into 
trom the Ferrite Streak. 1200X. 
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STEEL CONTAINING 0.20 Per Cent CARBON AND 0.54 Per CENT MANGANFSE 


Fig. 20—Held One-Half Hour at 1100 Degrees Gent., Slowly Cooled to 920 Degre 
then Rapidly Quenched. ‘‘Martensite’’ Similar to That Shown in Fig. 10. 150X. Fi 
Same as Fig. 20. Flat Epsilon Surrounded by Eta. 1200X. Fig. 22—Quenched a 
Shown in Fig. 20 and Then Immersed in Liquid Air. Same Field as Fig. 21. 
Remains Unaltered. 1200X, 
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STEEL CONTAINING 0.33 Per Cext CARBON AND 0.68 Per CENT MANGANESB 


oe “2 in — One-Half Hour at 1100 Degrees Cent., Cooled Slowly to 900 Degrees Cent., 
the Baa pi Y Quenched, _ Martensite. Similar Crystallization to That Shown in Fig. 10, but 
150K. I _ aT are Segmented More Strongly Than in Steels with a Low Carbon Content. 
by Eva 5 Same as Fig. 23. Epsilon in the Form of Needles and Platelets Surrounded 
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STEEL CONTAINING (0.33 Per Cent CARBON AND 0.68 PER CENT MANGANESE Q 

Fig. 25—Quenched the Same as Sample Shown in Fig. 23 and Then Tempere } 
Degrees Cent. Same Field as in Fig. 23. The Needle Structure has Been Retained and Light 
Unaltered. 150X. Fig. 26—Same as Fig. 25. Same Field as Fig. 24. Instead of /psuon Widn 
Crystals of Ferrite Forming at Eta with Little Cementite, the Amount of Cemen| Fig. 
Increased. 1200X. Etche 
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MARTENSITE 


STEEL ContTarnnia 0.46 Per Cent CARBON AND 0.77 PER CENT 
Fig 


ig. 27--Held One-Half Hour at 1100 Degrees Cent. Cooled to 880 Degrees Cent, and 
‘Yuenched. Martensite. Some Epsilon Needles have Etched Darkly (Due to a Decomposition 
\aused by a Tempering Effect During Quenching) in a Ground Mass of Undecomposed and 
Lightly Etched Epsilon and Eta. Epsilon is no Longer in Flat Platelets. The Needle-Like 
Fe natlitten Structure Makes It Possible to Recognize the Former Gamma Grains. 150X. 
ig. 2 


: Same as in Fig, 27. Light and Dark Epsilon Needles in a Roughened and Light 
Etched Eta Ground-Mass, 1800X. 


MANGANESE 





STEEL CONTAINING 0.46 Per Cent CARBON AND 0.77 Pre Cent MANGANEs! 


Fig. 29-—Same as Fig. 27. Tempered at 670 Degrees Cent. The Needle Stru 
Maintained. 150X, Fig. 30—-Same as Fig. 29. Needle Structure Composed of Iro: 
Orientation of Various Groups is Indicative of the Arrangement of the Former Hpsi 
Eta Needles. 1200X. 
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STEEL CONTAINING 0.56 Pen Cent Carson Anp 0.52 Per Cenr MANGANESE 
The rig. $1—Held One-Half Hour at 1100 Degrees Cent., Cooled to 800 Degrees Cent., and 
; Yuenched,  Martensite with Darkly Etched Epsilon Needles and Smaller Epsilon Needles 
which Etched Lightly. 150X. Fig. 82—Same as Fig. 81. Darkly Etched Epsilon Needles in 
Lightly Etched and Roughened Ground-Mass of Eta, 1800X. 
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STEEL CONTAINING 0.75 Pex Cent CARBON AND 0.57 Per CENT MANGANES! 


Fig. 33—Held One-Half Hour at 1100 Degrees Cent., Cooled to 850 Degrees | - 
Quenched. Most All the Epsilon Needles are Etched Lightly. There are Very |‘ ang 
Darkly Etched Epsilon Needles. Ground-Mass is Eta. 150X. Fig. 34—Same as lig. 3». 
the Boundaries of the Original Gamma Grains Larger Epsilon Needles Will be S 

Inner Part or Body of the Grain Contains Many Smaller Epsilon Needles. The 6 
Consists of Eta with Small Austenite Inclusions. 1200X. 
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36 


STEEL CONTAINING 0.75 


Fig 35 


Per Cent CARBON AND 0.57 PER CENT MANGANFSE 
ig. 35—Same as Figs. 33 and 34. Tempered at 200 Degrees Cent. 
are Etched Darkly as a Result of Tempering. 


! Numerous Small Light Austenite Grains are in 
Eta. (Etching Time 7 Seconds.) 1200X. Fig. 36—Held One-Fourth Hour at 700 Degrees 
Cent. and Quenched. Martensite is Fine-Grained, Due to a Lower Hardening Temperature 
(Quenching Temperature). Otherwise the Structure is the Same as That of Fig. 33. 160X. 


Epsilon and Eta 
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STEEL CONTAINING 0.75 Per Cent Carpon AND 0.57 Per CENT MANGANESE 
Fig. 37—Same as Fig. 36. The Same Structure as Fig. 34, but Fine-Grained. 12 
STEEL CONTAINING 0.87 Per Cent CarzBon AND 0.80 Prr CENT MANGANESE 


Fig. 38—Held One-Half Hour at 1100 Degrees Cent., Cooled to 900 Degrees Cent and 
Quenched. Martensite. Only a Few Epsilon Needles Etched Darkly. Mostly Lightly Etched 
Epsilon Needles in Ground-Mass of Eta with Some Gamma. 150X. 





MARTENSITE 


Cent CARBON AND 0.30 PER CENT MANGANESE 
and Eta Needles, Small Austenite Grains 


PER 
so That the Austenite Appears as Small 


Mixture of Epsilon 
in a Point, 


STEEL CONTAINING 0.87 


Fig. 39—Same as Fig. 38. 
in Eta, Whose Grain Boundaries Meet 


Dark Points, 1800X, 
CENT MANGANESE 


Sree, CoNTAINING 1.10 Per CENT CARBON AND 0.20 PER 
Fig. 40—Held One-Half Hour at 1100 Degrees Cent., Cooled to 850 Degrees Cent., and 
Quenched. Martensite. Epsilon and Eta Needles of Varying Size Included in Gamma. A 
Few Quenching Cracks, 150X. 
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STEEL CONTAINING 1.10 PeR CENT CARBON AND 0.30 PER CENT MANGANESI 
Fig. 41—Same as Fig. 40 Light Epsilon Needies. Eta Needles Which are ‘ 
Slightly Lighter. Austenite with Black Seams or a Dot and Dash When the Seam Tends t 
Toward Center. Quenching Cracks. 1800X. 


STEeL ContTaInine 1.10 Per Cent CARBON AND 0.20 PER CENT MANGANESE 
Fig. 42—Sample Shown in Fig. 40 Tempered at 600 Degrees Cent. Needle ‘ 
Retained, Original Gamma Grain Still Distinguishable. 150X. 
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Precipitated Out of the Eta 
Highly Concentrated at Those 


STEEL ConTaininG 1.10 Pen CENT CARBON AND 
. 43—Same as Fig. 41. 
lles, and Smaller Ones Out of Epsilon. 
its Where There was Formerly Austenite. 
Reproduction of the Former Epsilon-Eta Crystallization. 
40 Tempered at 200 Degrees Cent. Epsilon and Eta Needles Dark, Austenite Light 


Larger Cementite Particles are 
Cementite is Most 

The Needle Structure of the Alpha Ground-Mass 
1800X. Fig. 44—Sample of 
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STEEL CONTAINING 1.10 Per CENT CARBON AND 0.30 Per CENT MANGANESI 
Fig. 45—Sample of Fig. 44 Immersed in Liquid Air and Then Tempered at 200 Neg 
Cent. Same Field as Fig. 44. Numerous Eta Needles have Been Newly Formed. Ther 
Still a Few Rests of Austenite Present. 1200X. 
STEEL CONTAINING 1.23 Per Centr CarBon AND 0.41 PER 
Fig. 46—Held One-Half Hour at 1100 
Quenched. Martensite as in 
Austenite Varies from 


CENT MANGANES! 
Degrees Cent., Cooled to 960 Degrees Cent 
Fig. 40. The Orientation and, Therefore, the Etch ‘ 
Grain to Grain. 150X,. 
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EL CONTAINING 1.23 Per Centr Carpon anp 0.41 Per Cent MANGANESE 


17—Same as Fig. 46. Epsilon and Eta Needles in Austenite 1200X. Vig. 48 
{ Fig. 46 Tempered at 200 Degrees Cent. Dark Needles of Epsilon and Eta, 
uund-Mass of Austenite. Austenite Mass Larger than in Fig. 46, 1200X, 
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STEEL CONTAINING 1.23 Per Cent Carson AND 0.41 PER Cent MANGA 
Fig. 49—-Sample of Fig. 48 Immersed in Liquid Air and Tempered Again at 
Cent. Same Field as in Fig. 48. Austenite Mass is Larger Than in Fig 45. 1200X 


_ STEEL CONTAINING 1.33 PER CENT CARBON AND 0.23 Per CENT MANGANESE 
Fig. 50—Held a Short Time at 740 Degrees Cent. and — Cementite fa 
Very Fine Needles, Near to “‘Grainless’’ Martensite, So-Called “Hardenite.” Proper 


for Hardened Hypereutectoid Steel from a Practical View Point. 1800X. 





MARTENSITE 


STEEL CONTAINING 1,52 


Per Cent CARSON AND 0.50 PER CENT MANGANESE 
— 51—Held at 1180 Degrees Cent. for 10 Minutes, Cooled to 1000 Degrees Cent. and 
Quenched, 


“Fer de Lance” Structure. Eta Needles in an Austenite Ground-Mass. The Grains 
Which Have Been Cut Along Their Largest Cross-Section and Contain More Austenite, Appear 
a While Those With Less Austenite Appear Light. 150X. Fig. 52—Portion of Fig. 51 


Marked Plus, Lightly Etched Needles and Lamelle of Eta. Gamma Dark, in the Form of 
Grains and Lamelle. 600X. 
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STEEL CONTAINING 1.52 Per Cent Carpon AND 0.50 Per Cent MANGAN! 


Fig. 53 (Fig. 51)—Partial View of a Light Grain. Eta Like That of Fig 
in the Form of Small Stripes. 600X. Fig. 54—Same as Fig. 51. Shows Port 
Around Lamelle and Needles of Eta. Jamma Broader Than in the Other Orystals 
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STEEL CONTAINING 1,52 Pern Cent Carson ano 0.50 Pern Cent MANGANERI 


rig. 55—Same as Fig. 51. Tempered One Hour at 100 Degrees Cent Same Field as 
Fig. 54. Eta Colored, But, Nevertheless, New Lightly Etched Eta Needles (in the Center of the 
Field) have Been Formed. 600X. Fig. 566—Same as Fig. 55. Tempered Twice at 150 Degrees 
Vent. The Light Needles of Fig. 55 are Colored Dark. At Other Places New, White Eta 
Needles Have Been Formed. 600X, 
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STBEL CONTAINING 1,52 Per Cent Carson AND 0.50 Per Centr MANGANESE 


Fig. 57—Held 10 Minutes at 1180 Degrees Cent., Cooled to 1000 Degrees Cent, ane 
queeees. “Fer de Lance’’ Structure. Section Polished Immediately After Quenching. - 
the Lightly Colored Eta Needles, Some Darker Eta Needles are Seen Standing in Relief. — 
are Formed After Polishing and Etching. In the Picture They Appear Long Dark aod 
Similar to Slag Inclusions, 150X. Fig. 68—Same as Fig. 57. Eta Needles Htched ae 
Standing in Relief. 600X. 
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STEEL CONTAINING 1.75 Per Cent Cannon AND 0.64 Per Cent MANGANESE 


. Fig. 59 ~Held One-Half Hour at 1125 Degrees Cent. and Quenched. ‘Fer de Lance’’ 
Structure, ta as Large and Small Needles in the Austenite Platelets. Twin Crystals. 
ementite Network. 160X. Fig. 60 Sample of Fig. 59 Tempered at 200 Degrees Cent, Eta 
Etched Darkly. Austenite Unaltered. A Few Newly Formed Eta Needles. 50X., 
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STEEL CONTAINING 1.75 Per Cent CARBON AND 0.64 PER CENT MANGANES! 
Fig. 61—Same as Fig. 60. Cooled to —20 Degrees Cent. Newly Formed Eta Necdl 
Relief. 150X. Fig. 62—Fig. 61 Polished and Etched. The Newly Formed Eta Needles 4! 
Light. 150X. 
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STkEL CONTAINING 1.75 Per Cent CARBON AND 0,64 Pern Cent MANGANESE 


Fig. 68-—Sample of Fig. 62, Immersed in Liquid Air. Besides the Eta Needles Which Are 
Already Present in Fig. 62, a New Eta Relief Structure Appears. 150X. Fig. 64—Same as 
Fig. 63. Polished and Etched, The Eta Needles Formed in Liquid Air are Etched Lightly. 
Next to Them is Austenite. 150X. 





TRANSACTIONS OF THE A. S. 8S. T. 


Ae ee Eo 
74 be o 


Pe al 
fe ge 3. re 


apis 


+% 


2 tat ” ¥ 
ha 


ry 


66 


STEEL CONTAINING 1.75 PER CeNT-CARBON AND 0.64 PrER CENT MANGANES 

Fig. 65—Sample of Fig. 64 Tempered at 200 Degrees Cent. All the Eta Need! 
Darkly, Austenite Lightly. 150X. Fig. 66-——Sample of Fig. 65 Tempered at 320 Deg 
Austenite Also Broken Down (Decomposed). 150X. 
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5 Etched STEEL CONTAINING 1.75 Per Cent CarBoN AND 0.64 PER CENT MANGANESE 


ees Cent, ; Fig. 67—Sample of Fig. 66 Tempered at 670 Degrees Cent. Etched with Sodium Picrate. 
Cementite Particles in Ferrite. Needle Structufe Retained. Needles are Pocrer in Cementite 
at the Places Formerly Occupied by the Eta Phase and Richer in Cementite Where the Gamma 
Phase Formerly was. 150X. Fig. 68—Same as Fig. 67. Higher Magnification of Fig. 67. 
Needles Occasionally Surrounded by a Cementite Stripe. 1200X. 
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STBEL CONTAINING 1.75 Per Cent CARBON AND 0.64 Prpr CENT MANGANES! the 


Fig. 69-—(Same as Fig. 59. Held One-Half Hour at 1125 Degrees Cent. and Quench 
Tempered One-Fourth Hour at 950 Degrees Cent.) Heated Again to 950 Degrees Cent 
Quenched. Photomicrograph of the “Fer de Lance’ Structure Present After the First Que 
The Former Eta Needles are Colored Light and the Former Gamma Platelets Dark by FE 
150X. Fig. 70—Same as Fig. 69. The Ground-Mass is a Fine Needle-Like Martensit 
the Places Where There Were Formerly Eta Needles of the “Fer de Lance’ Structure, Ther 
Are No, or Only Occasional, Cementite Particles. On the Other Hand, Numerous Cementil 
Inclusions of Varying Size Were Found Where There Were Formerly Austenite Platelet I 
Light and Dark Coloring of the Austenite on Etching is Explained by the Random Orientat 
of the Grains. (Compare Figs. 52-54.) 600X, 
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rig. 71—Same as Fig, 69 After Tempering at 650 Degrees Cent 


lon and alpha are different phases. Alpha etches somewhat 
lighter than epsilon, while epsilon appears more colored, 

In steels with less than 0.90 per cent carbon only small 
amounts of austenite form and then because of the incomplete 
reaction. However, the quantity of austenite increases rapidly as 
the carbon content goes above 0.90 per cent carbon (Figs. 44 and 
8), The austenite here is a constituent of the metastable equi 
librium. In addition to austenite there is the second phase of the 
metastable equilibrium, namely, eta. “Moreover, small quantities 
of epsilon also appear, and these decrease in quantity as the car 
bon content increases, as they are present only as the result of an 
incomplete reaction, The complete metastable equilibrium after 


cooling to room temperature should contain only epsilon and 
gamma, 


During quenching, epsilon is formed, first, according to the 
heterogeneous equilibrium UTW and then the efa as a result of 
the reaction between epsilon and gamma at UW. The quantity of 


ela decreases with inerease of carbon content, above the concen- 
tration V. 


Eta is no longer the ground mass, but is present as 
inclusions in the gamma grains. It erystallizes as needles or lamel- 
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lae, similar to the epsilon in the low carbon steels. (Fics 
47). The austenite spreads out more and more with increase 
carbon content and finally appears as the ground mass. (|*ivs. 4) 
and 48). If there were complete metastable equilibrium a: 
concentration V, pure eta should be formed. This, however, cay. 
not be realized as austenite occurs in steel with as little as (9 
per cent carbon as a result of an incomplete reaction, and on th, 
other hand epsilon appears up to 1.40 per cent carbon. Ther 
fore, the structural change at V is not abrupt but gradual. Thos 
steels, however, are characteristic in that the epsilon crystals » 
main light, for the greater part, and the large austenite er: 
the austenite ground mass are easily recognized. (Figs. 40 and 46 
In practical heat treating, hyper-eutectoid steel would wot } 
quenched from a temperature above 750 degrees Cent. (138° 


) 


t | 


rT) 


LLTIS ( 


degrees Fahr.) At this temperature not more than 0.90 per cen 
earbon goes into solid solution. The structures which are 
lustrated here would not be obtained, but rather structures coy 
taining hardenite plus cementite would be formed. (Fig. 50 
Steels containing more than 1.40 per cent carbon (Figs. 5| 


to 54 and 59) after hardening have a structure which departs 
from the generally known martensitic structure. Their charac 
istic structure has been designated in the literature as ‘‘ler ( 
Lance.’’ This structure consists only of eta and gamma. Th 
steels lie to the right of the point W. Epsilon can no longer for 
because the metastable equilibrium UTW has not been traversed 
On quenching, this steel passes directly from the gamma reg 
into the region of heterogeneous equilibrium eta-gamma o 
passing the line W W,,. 

The line W W, is not perpendicular but slopes from W towar 
the carbon side of the digram. Even if a steel containing tl 
maximum amount of carbon, in solid solution, 1.75 per cent carbon, 
were used, this line would be crossed on quenching at a temper 
ature considerably above room temperature. Therefore, even steels 
containing the largest possible amount of dissolved carbon pass 
through the eta-gamma region. This, then, is the reason why 
austenite plus (Fer de Lance) martensite is always formed om 
quenching binary iron-carbon alloys and never pure austenite evel 
though a rapid quench be used. 

In steels containing over 1.40 per cent carbon the reaction a 
UW does not occur and consequently there can be no decompos 
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rion of the eta erystals due to the heat effect. Besides, the eta crys- 
valli ation proceeds at a comparatively low temperature, at which 
ae ‘ure the rate of decomposition is small. ‘Therefore, the 
may easily be produced in an undecomposed con- 
Attention should again be ealled to the fact that de- 
mposition can also be produced by careless grinding and polish- 
~The undecomposed eta erystals always etch lighter than the 
It appears that a deposit forms on the austenite dur- 
ching which eolors it from lhght to dark yellow, depending 

on the time of etching. 
The eta phase erystallizes partially as needles and partially 
as short lamellae. The needles form a Widmanstatten structure 
Bie, 51). The orientation of the lamellae is different in the 


various austenite grains, but is fairly uniform in any one grain. 


' The efa lamellae and the surrounding austenite may appear either 


as broad or narrow platelets depending upon the orientation of 
the grain and the direction in which it was cut during polishing. 
This gives similar differences in width of the structural consti- 
tuents, particularly of austenite, which have been observed in 


lamellar pearlite. (23) Therefore, the austenite may appear as 


broad platelets in one grain and as narrow needles in another. 
Figs. 52 and 54). 


THe Era-GAMMA EQUILIBRIUM 


The line W W, of the metastable martensite system has, as 
was mentioned before, been assumed to slope toward the carbon 
side of the diagram. The quantitative relation in this heterogen- 
eous equilibrium and the carbon gamma concentration shift with 
each temperature change below W. The relation at 200 degrees 
Vent. (392 degrees Fahr.), for example, is different than that at 
room temperature or in liquid air. According to structural ob- 
servations, it would seem that the eta phase has a large force of 
spontaneous erystallization at all temperatures between W, and 
liquid air temperatures. From the photomicrographs one can see 
that the eta-gamma equilibrium attempts to establish itself at all 
these temperatures by precipitation or redissolution of eta, ac- 
cording to the lines of the martensite system. This will explain 
the exceptional phenomena which occur in high carbon steels. This 
behavior, i. e., the solution and precipitation of eta in and out of 
yimma, ceases to exist as soon as eta or gamma decompose by 
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tempering. Eta commences to decompose as low as 8 
Cent. (176 degrees Fahr.) and gamma at 250 degrees ( 


. (489 
degrees Fahr.) (Fig. 66). At 150 degrees Cent. (302 deopen 
Kahr.) the decomposition of eta proceeds quite rapidly. By to». 


pering at 150 degrees Cent. (302 degrees Fahr.), the eta whj, 
present is not capable of reacting with gamma. This etches 
in the microsection (Figs. 55, 56 and 60). 

On tempering a quenched steel which is composed of {}, 
mixture, this decomposition is not the only thing to occur. jygs 
much as eta also goes back into solution to establish the metastab), 
equilibrium. As a consequence we may have a tempering of the ¢ 
erystals, or they dissolve in gamma, according to which is greater. 
the decomposition or the velocity of dissolution. Frequently w 
decomposed eta crystals will appear in a sample which has heey 
repeatedly tempered and cooled. (Figs. 54, 55, 56 and 60). Th 
remaining quantity of eta is therefore an indication of the 
solubility of eta in gamma between room temperature and t¢! 
temperature at which the rate of solution is larger than the rate. 
decomposition. Furthermore, a complete equilibrium is not estab 
lished during quenching from a high temperature. The heating 
on tempering may therefore establish complete equilibrium, i. e., a 
further crystallization of eta will take place. Without knowledge 
of the epsilon-eta hypothesis Fraenkel and Heymann (24) have 
already shown, by means of density measurements, that martensite 
must form from austenite during tempering. 

It is known that martensite has a (8) lower density than 
austenite. These experiments were mostly conducted on steels con- 
taining the ‘‘Fer de Lance’’ structure. From this it is to be con- 
eluded that this lower density is a property of the eta phase. The 
formation of eta from gamma is therefore associated with an ex 
pansion. As is known this is an increase in volume, i. e., a polished 
surface with ‘‘Fer de Lance’’ structure which was former) 
smooth presents a relief after being immersed in liquid air (Figs 
61 and 63). This relief may also form to a slight extent at room 
temperature. If a steel containing 1.52 per cent carbon be rapid: 
ly quenched, and immediately polished, it will be observed thal 
after a short interval at room temperature, martensite will appea' 
here and there in relief. (Figs. 57 and 58). This is an indication 
that eta needles have been newly formed at room temperature 
As has been previously mentioned the metastable equilibrium 
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not always completely established on quenching, and the formation 
of eta will then proceed slowly at room temperature. 

As a result of numerous experiments it is known that vigor- 
ous and abundant erystallization of martensite from austenite takes 
place on cooling a steel to liquid air temperature. The reason for 
this may easily be learned from the equilibrium diagram of the 
metastable system II; it lies in the shift of the saturation concen- 
tration of gamma towards eta, on cooling. 

[t is also to be remarked that the displacement of the 
heterogeneous equilibrium would be much greater on quenching, if 
the homogeneous eta region increased in width toward the carbon 
side with falling temperature instead of being a straight line. 
Compare dotted line VV.). Nevertheless, it is remarkable that a 
phase should erystallize so rapidly at a temperature so far below 
its normal temperature of formation. Therefore experiments were 
conducted to determine the effect of less drastic cooline on the 
eta-gamma equilibrium. To this end a steel with a ‘‘Fer de 
Lance’’ strueture was cooled to -20 degrees Cent. (-4 degrees 
Fahr.) in a freezing mixture. On observing the resulting strue- 
ture (Fig. 61), it is evident that the familiar martensitic relief 
structure appears on the polished surface and also, on etching this 
surface, (Fig. 62) that the familiar martensite precipitation (eta) 
out of austenite has occurred. If this steel, which was cooled to 
2) degrees Cent. (-4 degrees Fahr.), be immersed in liquid air, 
the preeipitation of eta inereases (Figs. 63 and 64), but this further 
precipitation is not much more than that which was produced at 
20 degrees Cent. (-4 degrees Fahr.) It therefore remains un- 
decided whether the liquid air treatment actually produced further 
separation, or just completed the formation of any eta which orig- 
inated at the higher temperature. Hence it inay be supposed that 
the reaction of the austenite in liquid air actually proceeds at a 
temperature which is not far below room temperature or in the 
vicinity of the usual erystallization temperature of the eta phase. 
The maximum erystallizing power of the eta phase would be 
sought slightly below room temperature, at which the velocity of 
crystallization is sufficiently large. Then the complete equilibrium 
would come slightly below room temperature. The phenomena 
which occur in austenite during liquid air treatment are in this 
way more easily understood. 
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IV. THE BEHAVIOR OF THE CARBON ATOMS DuRING vp 
HARDENING OF STEEL 
On annealing steel at a sufficiently high temperature the cap. 
bon is uniformly distributed through the eta erystals. The carbo 


atoms must therefore be uniformly distributed in the space lattice, 
On the other hand, if a stable equilibrium between iron and carbo) 
be formed, all of the carbon atoms should concentrate to for 
graphite, and there should be left simply a mixture of iron anq 
carbon. The space lattice of alpha iron in the stable system js 
practically free from carbon atoms. (Only 0.006 per cent carhoy 
remains in solid solution in the iron). (22) During the shift jy 
concentration of the carbon from that in the eta solution to tha 
of graphite, all those intermediate concentrations must necessarily 
be passed through which might correspond to a chemical combina. 
tion between iron and carbon. Some such intermediate state mich 
well result in an atomic arrangement which would correspond to a 
definite iron-carbon compound. As is known such an intermediate 
state is realized in the metastable system I, where cementite forns 
It is also conceivable that another metastable iron-carbon com. 
pound with a lower carbon content might be retained on rapid 
cooling. The eta phase may be assumed to be such a compound 
under the assumption that it contains an iron-carbide of the 
formula Fe,,C. As the fundamental reason for the formation of 
the eta phase, a definite stochiometrical relation between the iron 
and carbon atoms, according to the formula Fe,,C, and also a ne\ 
atomic arrangement, has been assumed for this compound. This 
does not seem to be in disagreement with X-ray evidence as ther 
is a different interatomic distance in martensite than in alpha 
iron. 


A earbide Fe,,C has already been assumed by Arnold. (2) 
He has always held to his assumption that hardenite is composed 
of this carbide. His view, however, was not accepted as he was 
unable to show a field on the constitution diagram for the Fe,,( 
phase. And further because the behavior of the iron-carbon alloys 
in the cementite system afforded no basis for the existence of this 
carbide. According to the hypothesis of the metastable system II. 
the appearance of the carbide Fe,,C actually cannot be expected 
in the cementite system and in the gamma above 350 degrees Vent 
Also in the case where the carbon concentration is 0.89 per cen 
carbon in the gamma solution the iron has a face-centered cubic 
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ent above 350 degrees Cent. (662 degrees Fahr.), with- 

ne changed to the Fe,,C, because this carbide does not 

quenching until Ar” is reached. The fact that no Fe,,C 

the cementite system cannot therefore be offered as con- 
rradictory evidence against the formation of this carbide in 
martensite. The hypothesis of the metastable system IT assigns 
, definite field in the diagram to this carbide. 

(t is known that cementite may separate very quickly from 
the gamma solid solution, even during quenching. Consequently 
the assumption that small shifts in earbon concentration do oceur 
'n the epsilon-eta-gamma system during quenching, should offer no 


difficulties. 


V. ON THE CAUSE OF THE HARDNESS OF STEEL 


As a result of the possibilities offered by Honda, hardness may 
find its causes in (1) in the atomic arrangement of the lattice, 
or (2) as a result of mechanical strains between the atoms which 
have been caused by external influences. The increase in hardness 
caused by changes in atomic arrangement on the lattice is by far 
the largest. Honda points to diamond and graphite as a typical 
example of increased hardness. The increases in hardness due to 
rolling strains are of much lower magnitude. It is hard to con- 
ceive how graphite could assume the hardness of diamond by cold 
working or by the inelusion of dissolved atoms on supercooling. 
It is also impossible to harden electrolytic iron to the same extent 
hy cold working that it may be by alloying it with nitrogen. The 
great hardness of the iron nitride Fe,N,, originates from the 
characteristic space lattice arrangement of the iron and nitrogen 
atoms and the directional forces which are thereby brought into 
play. Therefore it would not follow that the hardness of marten- 
site is to be accounted for by a kind of cold deformation of the 
alpha iron by means of included carbon atoms. It is more en- 
lightening to consider the hardness of martensite, which is com- 
parable to the hardness of iron nitride, as being caused by a 


definite arrangement of iron and earbon atoms in an iron-carbon 
compound. The eta phase is therefore considered as the bearer of 
the martensite hardness in the hypothesis of the metastable system 


ll. This assumption fits in beautifully with the fact that the hard- 


hess of quenched steels increases quite uniformly and linearly up 
(0 U.J0 per cent carbon content, because the eta also increases like- 
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wise up to 0.90 per cent carbon. The increase in haridposs of 
austenite in liquid air is also explained by the increase jn 4), 
quantity of eta which is produced. Once more it is mentioned th, 
the epsilon phase is harder than alpha iron. 


VI. EXPLANATION OF THE OBSERVATIONS ON HARDENED Spy) 


BY 
MEANS OF THE EpsILON-ETA HyporuHesis 


Structural Features 


1. Steels with less than 0.10 per cent carbon erystallize part 
ly needle-like and partly polygonal. This is explained throug) 
partially complete and partially incomplete equilibrium conditions 
in the field UTW. 

2. By means of tempering experiments it has been esta). 
lished that the martensitic needles in steels containing from 0.1) 
to 0.90 per cent carbon may be divided into two groups, one wit! 
a low carbon content and one with high carbon content. Th 
quantity of the needles with a high carbon content increases with 
the carbon from 0.10 to 0.90 per cent carbon. This is explained 
by the fact that these steels are mixtures of epsilon and eta in this 
region. 


‘ 


3. In steels containing from 0.20 to 0.90 per cent carbon 
small particles of austenite appear. This is explained as being 
the result of an incomplete reaction at UVW. 

4. In steels with more than 0.90 per cent carbon austenit 
forms on quenching, and the quantity increases with the carbo) 
content. This is explained as the retention of gama in this 
region as a constituent of the eta-gamma equilibrium. 

2. Between 0.90 and 1.40 per cent carbon small quantities o! 
needles with a very low carbon content appear. This is explained 
by the appearance of epsilon in this region as a result of an incom 
plete reaction at UVW. 

6. On exceeding 1.40 per cent carbon the micro-structure of 
hardened steel is fundamentally altered. In place of the marten- 
sitic structure, the ‘‘Fer de Lance”’ structure appears. This is ex- 
plained by the fact that steel with less than 1.40 per cent carbon 
must pass through the three-phase equilibrium UVW while steels 
with more than 1.40 per cent carbon pass immediately into the two- 
phase eta-gamma equilibrium. From tempering experiments 1 
follows that the martensite needles contain less carbon than the 
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austenite. This is explained on the basis that the ‘*Fer de Lance’’ 
¢ructure is a mixture of eta and gamma crystals. 

7. It is impossible to obtain 100 per cent austenite in pure 
‘von-carbon alloys, even on rapid quenching. This is explained by 
the fact that the most rapidly quenched binary steels with the 
highest possible carbon content enter the eta-gamma field. 

g. On cooling a steel with a ‘‘Fer de Lance’’ structure in a 
freezing mixture or in liquid air, a relief constituent will appear 
on the polished surface and martensite crystallization sets in. This 
is explained through the crystallization of the eta phase according 
to the metastable equilibrium II. 

9 On quenching the very high carbon steels or after cooling 
them in liquid air, a small amount of austenite will always be left, 
despite the vigorous reaction. This is explained through the ap- 
pearance of the gamma phase in the metastable eta-gamma 
equilibrium. 

10. On quenching steels with less than 0.30 per cent carbon 
and more than 0.90 per cent carbon, the structure contains needles 
with a low carbon content, which will etch light. In steels of inter- 
mediate composition, that is, from 0.30 to 0.90 per cent carbon, 
part of the needles will etch dark. This is explained through the 
partial decomposition of the epsilon needles during quenching, as 
a result of a heat effect at UVW and by the higher crystallization 
temperature of epsilon toward the lower carbon contents. 

11. It is observed that the alpha ferrite needles and network, 
even in low carbon steels, will etch differently than the martensite 
needles. This is explained by the appearance of iron in the alpha, 
epsilon and eta modifications. 


Heat Effects 


12. It has been established that heat effects occur at various 


temperatures when a martensitic steel transforms to alpha iron 
that is on tempering) (26). This is explained on the basis that 
the iron is present in the quenched steel in the epsilon, eta and 
gamma modifieations. 


13. The heat effect during the formation of martensite 
quenching) was found to be less than that at Ar,...,. This is 
explained on the basis that epsilon and eta are metastable inter- 
mediate states between gamma and alpha iron. 
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14. On rapidly quenching pure iron, a critical | 
found at T. Metastable system II explains this. 

15. On quenching steels with different carbon contents, \» 
critical points will be observed between 500 and 200 degrees (or 
(932 and 392 degrees Fahr.) Occasionally two critical points y | 
be found in one and the same steel. These critical points 
plained by the lines of metastable system IT. 


Int Wag 


are ey. 


Volume Changes 


16. On passing the critical point Ar”, increases in yolyny, 
are observed. This is explained by the appearance of the , 
phase and the assumption that the eta phase has a lower density 
than the gamma solution of the same composition. | 

17. On cooling austenite or a steel with the ‘‘ Fer de Lanee”’ 
structure, relief structures in liquid air and an increase in volume 
are noticed. These are explained by the appearance of the eta phase 


ty 


Conductivity Measurements 


18. On tempering quenched steels, changes in conductivity 
are observed at two different tempering temperatures. This is ex. 
plained by the decomposition of eta and gamma at different tem- 
pering temperatures. It is not to be expected that conductivity 
measurements will give evidence of the decomposition of the 
epsilon phase, as the carbon concentration is too low to exert anj 
marked effect on the conductivity. 

19. On tempering steel with the ‘‘Fer de Lance’”’ structure, 
martensite continues to form for a long time. This is explained 
by the gradual establishment of the eta-gamma equilibrium at 


room temperature. “ee 
Hardness Determination 


20. An unconstrained explanation to account for the fact 
that martensite is extremely hard has as yet not been given. This 
is given by the assumption that the eta phase is responsible for the 
martensitic hardness and that there is a definite carbide presen! 
in eta. 

21. The hardness increases with the carbon content up to 
0.90 per cent carbon and then decreases as the austenite conten! 
increases. This is explained by the presence of eta which must be 
present in quenched steel according to metastable system [/. 

22. The hardness of austenite increases on liquid air treat: 
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nent. This is explained by an increase in the eta constituent ac- 
ording to the metastable eta-gamma equilibrium. 


X-ray Spectroscopic Examination 


23. In quenched steels, lines corresponding to alpha iron will 
be found as well as the gamma lines. This is explained on the 
assumption that epsilon is body-centered cubic, the same as alpha 
iron. 

24. It was observed that the alpha lines are exceptionally 
wide and therefore it was concluded that martensite is very fine- 
orained despite the fact that the structure appears coarse-grained 
under the microscope. 

According to the epstlon-eta theory, the eta must have a larger 
parameter than epsilon, due to the inclusion of carbon atoms in 
the lattice. Therefore the eta lines must le close to the epsilon 
lines. The width of the lines is explained as being due to two lines 
coming close together. In steels containing more than 0.90 per 
cent earbon, the carbon content of eta will vary, and therefore the 
‘Jattice parameter,’’ due to the slope of the line VV,. Therefore 
its pattern must consist of numerous individual lines which unite 
to give broad lines. 

25. Alpha iron has been found to have a different lattice 
parameter than martensite. This is also explained by the presence 
of the eta phase. ee 

Chemical Examination 


26. It is known that the largest part of the carbon content in 
martensitic steel is given off as hydrocarbon gases on being treated 
with dilute acids (HCl and H.SO,). This is explainable on the 


basis that the earbon in the eta phase is already present in a 
chemical combination. 


VII. RemMARKS ON SpEcIAL STEELS AND TEMPERING PHENOMENA 


The constitution diagram given above of the metastable 
martensite system applies only to iron-carbon alloys which are low 
in manganese. It is to be assumed that the lines of the diagram 
will have a different position for special steels. This offers a new 
basis for explaining the phenomena observed. It may be men- 
tioned that the relative positions of the cementite and martensitic 
systems might be shifted in the special steels and further that the 
temperatures at which epsilon and especially eta decompose on 
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tempering may be different for special steels than fo) straight 
carbon steels. 

The theory of tempering hardened steel can be put upon a yo 

basis by the epsilon-eta hypothesis. It will be necessary to esta) 


lish the effect of tempering on each individual phase. This being 
done, a complete explanation of the behavior of hardened stec| , 


iN 
tempering will be made possible. 
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Written Discussion:—By Samuel L. Hoyt, 
General Electric Co., Schenectady. 

Time alone can tell us the true importance of the 
Hanemann and Sehrader. The test 


Research Laboratories, 


contribution of 
will come from our every day use of 
e hypothesis and the manner in which experimental data are accounted 
for. However, it must be borne in mind that 


+} 


they give us new data on 
this old subject and that the hypothesis which they propose is one which 


mav be held logically to account for them. Any other known hypothesis 


must fail to do so for the reason that the carbon distribution in Widman 


statten martensite, instead of being uniform, is so non-uniform as to suggest 


the presence of two phases. The evidence given in favor of two phases is 


ite strong and such an assumption is certainly the most rational to make 
it this time. Other evidence may be cited as follows. The electrical con 
ductivity was early found by Benedicks to be a linear function of the carbon, 

Maurer has shown that both hardness and specific volume increase with 
the carbon linearly up to 0.9%. Such a relationship between the physical 
properties and the carbon content has always suggested a simple mechanical 
mixture between two phases but it remained for 


Hanemann and Sehrader 
to give the direct evidence. 


Perhaps the most important contribution in this paper is the use of a 
metastable equilibrium diagram to represent metastable systems. That is a 
new conception, and it bids fair to play as important a role in our study of 


metastable equilibria as the ordinary constitution diagram of Roozeboom has 
payed in our study of stable systems. They place the study of such systems 


» a formal basis and this will lead to simplification and clarification. 
Written Discussion: By Dr. Elliot Q. Adams, Nela Park, General Electric 
Company, Cleveland. 


| believe that Hanemann and Schrader have established their contention 


besides austenite and ordinary ferrite two formations, called by them 
epsilon and eta, are found in quenched steels, and that in the same steel the 


carbon content rises in the sequence, alpha, epsilon, eta and gamma. 


that 
lal 


[ do not believe that they have offered adequate disproof of the current 


pinion that martensite, epsilon and eta alike, is a supersaturated solid solu- 
ion of carbon in alpha iron. 


Just because I am convinced of the cogency of the proofs offered by them, 
and earlier by Dr. Hanemann, of the reality of carbon segregation from mar- 


tensite into austenite, I feel that this is not the time to add phases to the 
iron-e¢ 


arbon diagram. I do not, of course, say that such an addition may not 
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b I ruary 
become necessary, but | feel that the carbon-segregation clue should follow, 
up thoroughly, before conceding such a necessity. That such a . ntior 
not entirely out of the current of metallographic thought, is sh by 
conjecture of Osmond, quoted by the authors, that the nonuniform eten,. 
vf the martensite needles may be referred to ‘‘the tendency of the yo Wy. 
separate carbon out of their organisms.’’ 

[ am, to be sure, the more ready to credit the evidence for carbon goo 
gation, because it seems to me, as to the authors, a logically necessary ded 
tion from other better established facts. That the solubilities of carbon jy ; 


alpha and gamma phases of iron are, to say the least, unequal is univers 


conceded; while the fact of cementite formation in the same temperatur 


rir 
ag that in which martensite is formed, and with not very different rates 9; 
cooling, shows that the diffusion of carbon is still possible at the temperatyrs 
concerned, It seems unthinkable that a diffusible constituent could be present 
in identical concentrations in two co-existent phases under such conditions. 
On the other hand, the authors’ statement, ‘‘Osmond’s ‘needles } 
granular ground mass’ would therefore be classified today as a heteroge 
system,’’ is correct only if they mean merely that it is not chemically hon 
geneous. Most readers would understand by ‘‘ heterogeneous system’’ on 
prising two or more different phases. Granting that the acicular structure \ 
produced by the rapid growth of alpha iron into a gamma iron matrix 


heterogeneous system) if the matrix has itself subsequently transformed int 
alpha iron, we are then dealing with a one-phase system, albeit an unhomogen 
ous phase (like badly mixed glass). Whether the term ‘‘ martensite’’ 
be restricted to such a one-phase system is a matter of definition. 

The authors appear to take at its face value the current argument t! 
martensite is fine-grained because the X-ray pattern lines are diffuse,» 
they later point out, correctly, that if the lattice parameters are a function 
the carbon content any local variations in the carbon content of any one phas 
will give just such a diffuseness of the lines. 


eho) 


The claim that, ‘‘If martensite were alpha iron then it should be 
stable than austenite at room temperature as well as at liquid air temperature, 
does not follow at all. Pure alpha iron is more stable than pure gamma iro 
at room temperature. In the presence of carbon the transformation tem; 


remper 


ture may lie above room temperature, below room temperature, or below 
temperature of liquid air, according to the local carbon content. In th 
first case the steel will be already martensitic at room temperature, in t 
second it will become so in liquid air, in the third it will remain austenite. As 
a result of carbon segregation, all three cases may occur in the same sample. 

Further, it is possible to accept the authors’ conclusion that the ste 
which becomes martensitic in liquid air contains less carbon than that whi! 
remains austenitic, without conceding, as they appear to believe, that this differ 
ence in carbon content arose during the liquid air treatment. I find it much 
easier to believe that the prior separation of ferrite and of high-temperature 
martensite left the carbon content of the austenite locally variable, than to 
assume any material diffusion of carbon in a few seconds at temperatures 
below 0 degrees Cent. 

Conceding that the authors’ epsilon and eta represent structures 
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steel differing in appearance and tr composition from one an 
from the ferrite which may be present in the same specimen, does 
that the three are different phases. The authors concede that ‘‘ The 
form of the epsilon crystals is not altered by the change to alpha 

e., during the separation of cementite. If alpha iron can separate 

ree distinet processes, sharpness of boundaries and differences in com 
n are to be expected. Furthermore, formations of different carbon 
stont would be expected to show different colors on etching. 


! believe that the difference between the three processes referred to de 





Jemperalare > 


Carton Conten! ~ Per Cen? 
Fig. 1 

ls on the properties of solid solutions, hence could not exist for pure iron. 
authors’ determination of the transition point, T, of pure tron on a sample 
f Krupp iron containing 0.07 per cent carbon,—while elsewhere they twice 
te with apparent approval Jensen’s estimate of 0.006 per cent as the 
ibility of carbon in alpha iron,—seems to me a little naive. Incidentally, ! 
the second break in Jensen’s curve (J. A. I. E. E., 1924, 43, 562) at 
8 per cent carbon could with equal propriety be regarded as the carbon 

ntent of alpha iron in equilibrium with cementite. 

The nature of the three processes referred to is indicated, very diagram- 
ly, in the figure, which may be regarded as illustrating a very rapid 
of a steel containing between 0.10 and 0.90 per cent carbon. For 
ity, the phase lines GS and GP have been drawn straight. That they 
ally concave upward is shown not only by the experimentally observed 

ture of the segment GS, but by the reappearance at A, of the alpha iron 

hase. Similarly if the eurve of French and Klopsech (these TRANSACTIONS 


1924, 6, 274) relating the temperature of Ar” and carbon content, be extended 


sa straight line until it euts the axis, the intersection lies well below G. 


A 


When, with falling temperature, the sample reaches the point , on 


S. ferrite of composition, a, will separate. (For simplicity it is assumed 


nly an infinitesimal amount of ferrite is allowed to separate; otherwise 
for the main sample should jog to the right along GS at 7). (Fig. 1, 
Ss discussion, ) 


The separation of ferrite involves a segregation into the surrounding 
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austenite of at least 90 per cent of the carbon content of the | 
formed, and, as the temperature falls and the mobility of the carbon 
the process will come nearly to a standstill. 

As the temperature of the sample falls further it reaches at 
section of y-y with the line GP extended. At this point epsilo 
of the same composition as the sample becomes stable with res), 
austenite perhaps 10-fold richer in carbon, but the martensite wil! 
appear in the neighborhood of the ferrite needles already present, fo, 
are surrounded by a sheath of high-carbon austenite. The epsilon-may 
needles will also surround themselves with a sheath of austenite, but 
will be comparatively thin in this case, since the excess carbon is 
into an austenite of the same carbon content as the separating n 
However, even this sheath will bring the martensite formation virt 
standstill as the mobility of the carbon falls still further. 

In the case of the higher hypereutectoid steels, i. e., greater than 
cent carbon, this completes the story, for the residual austenite rem: 
least down to room temperature, interspersed with epsilon-martensit: 
‘*Fer de Lance’’ structure. It is to be noted that this explanation 
epsilun-martensite, while the authors believe that eta-martensite is 
They state, however, that in such steels the eta ‘‘crystallizes as | 
lamellae, similar to the epsilon in the low carbon steels.’’ 

For the (hypoeutectoid) steel under consideration, however, thie 
reaches the point 7, the intersection with the critical supersaturation 
y, at which the free energy of the gamma to alpha transformation becomes 
great enough to permit engulfing the carbon atoms, in situ, in the martensit 
lattice. On reaching this line, the residual austenite transforms quantitatiy: 
into ‘‘structureless martensite.’’ The only austenite remaining will be t! 
part of the high-carbon austenite sheaths (of the ferrite and epsilon-mart 
site) which fails to reach the line G 7» at all. Of course the erystallizing 
forces will make the boundary jagged instead of curved along the precise su 
faces at which the material has just reached G 7» at room temperature. 

Since no translocation of carbon is required for the eta processes, it « 
go on at liquid air temperature, if that degree of cooling is needed to bring 
the material down to the line G 7. 

On the other hand, since the eta-martensite has the highest carbon content 
of the three varieties of alpha iron, it is the most liable to revert to austenit 
on heating. To start such a transformation, the samples must be heated ai 
least enough to recross GP extended, while for it to be complete, GS extended 
must also be passed. This requires a local carbon content of more than 3.) 
per cent; but it must be borne in mind that the 1.70 per cent limit on the car 
bon content of austenite in equilibrium with cementite (and at the eutectic 
has no significance in the austenite-martensite system, which is known to kx 
supersaturated with respect to cementite. 

The apparent impossibility of getting an entirely austenitic structure wit 
any proportions of iron and carbon whatsoever (in the absence of other el 
ments) with any attainable speed of quenching, suggests that the poin' 
for a 1.70 per cent carbon steel lies above room temperature. (Owing to ti 
complications introduced by the separation of primary ‘cementite, this proot 
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ly conelusive.) If there be a carbon content for which both 4 
notween room temperature and 200 degrees Cent. there should in 
be areas, martensitic at room temperature, which do not suffer the 

istic tempering changes on heating to 200 degrees Cent.,—a tempera 

) austenite is not decomposed. Such a phenomenon is deseribed b) 

With regard to the nomenclature, the authors have used the Greek letters 

vilon and eta because they consider these formations to be phases different 

from ferrite and from one another. For that very reason, their notation and 
sh view that all three are varieties of a single phase do not go well together. 
It seems to me that it will be best to reserve the term alpha iron as a gencric 
name for the phase, and to give names to the three varieties. 

In answer to the obvious objection that it is not customary to give names 
+. varieties of a single phase, it may be pointed out that similarly it is not 
stomary to give names to the several isotopes of the chemical elements, 
put in the ease of the radioactive elements it has proved necessary to do so. 

The name martensite could, of course, be restricted to one of the two 
igh-carbon varieties of alpha iron, but it will probably be less confusing to 
ontinue it in approximately its present meaning as a generic name for all 
quenched steel structures not entirely austenitic. 
It will, I believe, be well to adopt names that suggest that the three are 
varieties of the same phase, and I make the following suggestion: 

Ferrite, the present name, from the Latin ferrum, iron. 
perature above A,. 


Forms at tem- 
In its formation, carbon must diffuse through distances 
omparable with the grain size, hence the ferrite has much less carbon than the 
original austenite. 

Serrite, from its characteristically serrated appearance, Latin serra, saw. 
Forms, for carbon contents above 0.25 per cent, below 500 degrees Cent. 
In its formation, the carbon diffuses through a distance which is intermediate 
between the grain size and the lattice parameter, hence the serrite has some 
what less carbon than the austenite from which it forms. 

Territe, the ‘‘ground mass’’ of Osmond, from the Latin terra, ground, 
forms at a lower temperature than serrite, in many cases below room tempera- 
ture. In its formation, the carbon atoms move only a fraction of the inter- 
atomic distance, hence the territe has precisely the same carbon content as the 
parent austenite. 

Dr. ZAy JEFFRIES: I would like to add a word of thanks to Dr. Hane- 
minn and Miss Schrader for preparing this paper and sending it to the Amer- 
ican Society for Steel Treating, and to Dr. Hoyt and Mr. Pirk for their 
labors in getting it ready for presentation to our meeting today and pre- 
senting it, which Dr. Hoyt has done so well. 

The subject is one which cannot possibly be adequately discussed at this 


meeting, even if we should take the rest of the day to do it. Many points 


ve heen brought up that are of a distinctly controversial nature and, in 


{ 
+ 


, of a revolutionary nature, if these ideas are to be accepted. Dr. Hane 
mann’s standing in the field of metallurgy is well known, and he would no‘ 


t sne 


ich a hypothesis as this unless it had been very carefully considered. 
ould like to point out just a few things and would like to give you 
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at least the trend of my own thoughts in connection with this 
first conclusion is that it needs a great deal more study before 
might be called final conclusions. There are some considerations 
with the general scheme of the hypothesis which I think need n 
at the present time, perhaps, than some of the details. 

We are asked to believe, for example, that at a temperature 
and 400 degrees Centigrade, a variety of material which is assu 
solid solution of carbon in body-centered cubic iron actually 
carbon content by combination with another material containin, 
solved in body-centered cubic iron of a higher carbon content, 
mean composition results in the 0.9 per cent carbon solid solutio: 

The first thing about the hypothesis that appeals to me 
probable is that in a portion of the steel a concentration or a se; 
the carbon, which strives to take place during this transformation js , 
completed and then this portion impoverished in carbon defies temporar; 
true equilibrium and absorbs more carbon. There may be a very simple 
logical explanation of this, but it is one part of the hypothesis which looks ty 
me to be very much strained. We cannot question these local concentra 
and segregations of carbon. That is what this whole system strives to do 
ing the quench. A condition obtains of equal distribution, or a) 


Ppproximate 
equal distribution, of the carbon in gamma iron, and the direction 


leary 
and 


equilibrium is for the constituents to segregate the body-centered cubic 


into one part and the carbon (as cementite) in another, and it underg 
many ramifications during segregation. No doubt the facts presented in { 
paper represent some of those variations in concentration, but some lines 
reasoning which have been used in formulating the conclusions are very w 

It is not sound reasoning to assume that the existence of ferrite in 
tact with the Widmanstatten structure demands that there be two phases o! 
body-centered cubic iron present. We might just as well use the same lin 
reasoning and say that because excess network-cementite in high carbon steeis 
is associated with the cementite in the lamellar pearlite, the two cementit 
must be different phases. 

Furthermore, the use of the same crystal lattice for the so-called diff 
ent phases, the same crystal lattice as for alpha iron, is, to my mind, t! 
weakest feature of the whole hypothesis, and I would like to read one se 
tence in the paper which is, to my mind, very significant: ‘‘The size an! 
form of the eta crystals is not altered by the change to alpha iron.’’ | 
other words, what the authors presume to be eta crystals they 
change over into alpha iron at some time without any change in siz 
crystal, without any change in the form of the erystal and, of course, 
ray shows that the internal structure is the same as regards the type ot | 

There are some other features which would stand very careful consi 


ation, and one of them is the question of equilibrium in a material whic! 
cooled rapidly so as to destroy the equilibrium conditions, and the assig! 
of fairly definite percentages of these various constituents to indefinite 0 
ditions. For example, in one of the cases the authors produced a cera! 
degree of transformation of austenite to martensite on cooling in liqui 


In that same steel, however, after tempering to 200 degrees Cent. the) 
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ol again to liquid air temperature and transform some more of the 

But we might very readily ask why any change occurred during 

d cooling if this change is so violent and progresses to equilibrium 
e conditions. 


| believe that the question of mass as brought up by Dr. Mathews this 
is very important in this connection, and the question of the forces 

eh are available to produce these reactions. We have a solid piece of 
stenite, we Will say, at room temperature. That is, as we know, a very 
| and strong material. We cool it to liquid air temperature, we trans 


part of it to martensite. As we do so, we increase the volume of the 


more voluminous condition. 
rhe transformation proceeds from many centers inside of the steel, and the 
mechanical hardness of the steel, its rigidity, opposes at ;: 


a certain point 
transformation. We have a greater force to overcome in transform 


martensite as the transformation progresses. The 


The change is from a dense condition to a 


first to change 
over to martensite, is the easiest, because there is the least mechanical force 
to overcome; but that, in addition to undergoing its change, also has tq ex- 


nand the whole piece of steel. It puts strains in the remaining austenite. 


Now, it is fairly logical to assume that heating up to 200 degrees Cent. 
would remove some of those strains, and cooling down to liquid air temper 
ature again would permit of some more transformation, until equilibrium ob 


tained, not thermal and phasial equilibrium, but equilibrium between the 


forces that are trying to produce martensite and the forces that are re- 
sisting’ it. 


( 
~ 


De. ANCEL Sv. JOHN: In connection with Dr. Jeffries’ discussion, I 


would like to point out that such areas where the conditions of strain are 

different would be quite contiguous to each other, they might very well tend 

to be more or less parallel under certain circumstances and, as is well known, 

metal under strain is attacked differently by etching agents from metal which 

on. stecis is not under strain; and if I am not mistaken, metal which is under com- 

ementit pressive strain is attacked differently from metal which is under tensional 

strain. It seems to me that it is quite possible, that these microscopic indica- 

od diffi tions might be due to differential etching of differently strained areas rather 
nind, tl than to any essential difference in carbon content of those areas, 


Howarp Scorr: I am not prepared to discuss the paper of Dr. Hane 


mann, but I would like to say that 1 have been doing some work along the 


same lines and I have a hypothesis to offer that covers the anomalies which 
have been described here including also those which Dr. 


Mathews described. 
Needless to say, 1 arrived at a somewhat different 


answer. Instead of 
hypothecating a new form of iron, I have simply used the phase rule without 


dropping the pressure component, somewhat, as Dr. St. John suggests. I do 


not want to take any time to go into details to explain how the thing works 
out, but it comes out very simply and it explains a number of 


phenomena, 
or instance, the phenomena which Dr. 


Mathews was describing of more 
austenite following oil quenching than water quenching. 


| might state also that I have obtained added verification of that 


(Continued on Page 864) 















































































































































CARBURIZATION BY SOLID CEMENTS 
By W. E. Day, Jr. 


Abstract 


This paper deals with the carburizing process when 
using solid compounds. The author discusses the points 
which have the greatest bearing on the commercial app’ 
cation of the process. 

The production of carburizing gases from the cement 
and their reaction on the steel are covered; also a study 
is made of the mechanism through which the carbon is 
conveyed from the surface inward. 

Photomicrographs and curves are included, showing 
results of the investigation. 


HAT the commercial carburization of steel by solid cements 
is many times attended by irregularities either in the depth 
of case or its carbon content, is well known. It is further un 
questionable that a great many times these variations occur while 
operating under strict time and temperature control and while 
using compounds which show remarkable uniformity when 
checked for their various constituents. Under such conditions 
it would seem impossible for the nature or the depth of case to 
vary from heat to heat. Yet when we consider that we are using 
to a large extent extremely simple data of a strictly empirical 
nature for the control of a process which involves several joint 
physical and chemical reactions, the reason for such irregularity 
becomes more apparent. 

The production of high grade carburized parts may undoubt 
edly be greatly facilitated and the control of the carburizing proc- 
ess augmented through the knowledge gained by a careful study 
of the mechanism of carburization. It is the purpose of this 
paper merely to outline the subject, discussing at greater length 
the points which have the greatest bearing on the commercial 
application of the process. 

In general, the conditions necessary for carburization may 


be grouped under three heads. First—those necessary for thie 


formation of gaseous carbon compounds which are chemically ac 


A paper presented before the Cleveland Convention of the Society, 5e)) 
tember, 1925. The author, W. E. Day, Jr., is metallurgist with the Inter 
national Motor Co., New Brunswick, N. JJ. 
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tive toward the steel in the desired manner, second—those gov- 
orning the solution of the carbon in the surface layer of the 
steel, and, third—those controlling the diffusion of carbon from 
the surface layer inward. 

We shall first consider the action of the carburizer. The 
compounds or cements with which we are generally familiar are 
usually conceded to fall into two classes, slow and rapid, al- 
though there is no sharp line of demareation between the two. 
Wood charcoal and chemically treated bone black, together with 
wood chareoal, energized with small amounts of barium carbon- 
ate. fall in the first class, and compounds consisting of wood char- 
coal and coke energized with mixtures containing the alkali ear- 
honates. together with the alkaline earth carbonates, also com- 
nounds containing charred leather, ete., fall under the second 
class. It might be mentioned here that the nature of wood char- 
eoal varies greatly with its origin and the manner in which it 
was produced. The reactions which occur in the carburizer are, 
undoubtedly, complex and from analysis of the gases which are 
viven off at different temperatures it appears that not only are 
these gases the final products of these reactions, but that the re- 
actions consist of more than the simple breaking down of carbon- 
ates and the formation of the oxides of carbon from the charcoal, 
ete.; for example,’ a sample of pure wood charcoal when heated 
to 1560 degrees Fahr. evolved gases containing 11.3 per cent car- 
hon monoxide, 74.0 per cent hydrogen and 10.0 per cent methane 
and by the addition of 10 per cent barium carbonate to a simi 
lar sample at the same temperature as before, evolved gases which 
contained 28.0 per cent carbon monoxide, 52.8 per cent hydrogen 
and 8.7 per cent methane, here we see a marked increase of the 
carbon monoxide content, yet the dissociation temperature of bar- 
lim carbonate is given as 2600 degrees Fahr. This breaking down 
of the barium carbonate at a comparatively low temperature in 
the presence of chareoal is due to the upsetting of the equilibrium 
existing in the barium salt by the action of the charcoal. If 


steps are taken to remove the carbon monoxide as fast as it is 


lormed the barium carbonate can be completely broken down at 
i temperature of 1600 degrees Fahr. 


It will be noted that considerable amounts of hydrogen and 


tudes Sur Les Gas Degages Par Les Cements,” by H. Dolley and L. Veyret, Revue 
February, 1912 
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methane are likewise given off from the chareoal. Si, 


It is 
definitely known that hydrocarbons have a decided ¢: rizing 
action it is apparent that the methane must exert some Me 
ing effect in addition to that of the carbon monoxide. he gy 
tity of hydrogen evolved is greater than that which could hay, 
been produced by decomposition of the water which primar) 


existed as moisture. It is, therefore, highly probable that jj 
at least partly due to the decomposition of hydrocarbons. ‘), 
action of the hydrogen cannot be disregarded, for it is undoubted. 
ly because of its presence that the nature of the action of golj 
compounds and hydrocarbons varies so greatly from the 
of pure carbon monoxide. 

It will be recalled that Giolitti obtained cases of several y 
limeters depth in which no hypereutectoid zone appeared, by the 
use of carbon monoxide. 


\ 


t 


He explains that this phenomenon js 
due to the actual penetration of steel by the carbon monoxide. 
thus causing a deposition of carbon beneath as well as at the sw 
face. Granting that this is true, then carbon monoxide 
not diffuse into the steel in the presence of hydrogen, fo: 
been clearly shown? that hydrogen diffuses through red hot ste 
many times faster than carbon monoxide, and it is questionabl 
whether carbon monoxide can diffuse at all in its presence, d 


*OULG 





to the preferential absorption of the hydrogen. This exclusio 













of the carbon monoxide or other carburizing .gas restricts th 
-deposition of carbon to the surface, thus foreing the carbo 
flow inward by diffusion. 

Further, hydrogen is under certain conditions a strong de- 
earburizer, and oftentimes a decarburized surface may be traced 
to its action. Due to the fact that parts which have been 
burized by hydrogen are always bright on the surface, such a de 
carburization is not readily detected, as is the case when the ac 
tion is caused by either oxygen or carbon dioxide. Again, since 
the amount of hydrogen existing in the carburizing gases is quite 
high at the carburizing temperature with the carbon dioxide prac 
tically nil, much more decarburization may be expected from the 
hydrogen than from the carbon dioxide. This is particularly true. 
since the decarburization with hydrogen can take place while the 
carbon in the steel is in a fairly mobile state, due to the tempers 
ture, while in the case of decarburization by carbon dioxide |! 














*Sieverts, Ztsch. fuer Phys. Chem., Vol. 60, page 129, 1907. 
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remperature of the steel is usually quite low because of the equi- 
librium condition necessary for the production of carbon dioxide 
and the decarburization, therefore, is only superficial. 

\lost compounds, and especially those which are composed of 
charcoal, coke and energizer, show a large loss in weight when 
heated for the first time; this generally amounts to about 20 per 
cent and is due to the loss of volatile matter and moisture. If 
this loss of weight exceeds some 25 per cent it may indicate that 
either the moisture is too high or that water of crystallization is 
heine given off from the energizer. Water (of any sort) is high- 
ly detrimental to carburization. For it is a widely known fact 
that —_— which have become damp, invariably produce er- 
ratie or poor eases, but recover their full carburizing effect when 
they are thoroughly dried. It may appear that a slightly damp 
compound should, on heating, give up its moisture, and then act 
in a normal manner; this is only partially true and a great deal 
of the moisture is eventually broken down, reacting with the ear- 
bon to form free hydrogen and carbon monoxide. 

After a solid ecarburizer has been heated from five to six con- 
secutive times the amount of evolved gases are materially lessened, 
although the charcoal content has not dropped more than some 
10 per cent. At this stage the carburizer is ineffective, especially 
at temperatures of 1600 degrees Fahr. and lower, but becomes 
more active when the temperature is raised. 

Since it appears that the nature of the gases evolved from 
the compound vary greatly with even a slight change in the mix- 
ture and that the character of the charcoal is also of vital im- 
portance, it follows that careful checking of the compound is high- 
ly essential. This does not mean that it is necessary to make 
long and tedious chemical analyses, for in fact, unless such analy- 
ses are much more than what we may term commercially com- 
plete, we will gain nothing. An analysis of the evolved gases at 
working temperature would, perhaps, be useful, but due to the 
complexity of the reactions, such analyses may be misleading. 
However, since that with which we are entirely concerned is 
the ability of the earburizer to furnish carbon to the steel, it ap- 
pears that the best test would be to ascertain under standard con- 
ditions the action of the carburizer on the steel itself. This can 
best be done as follows: a bar of steel of the suitable analysis 
is turned down and cut off to form a cylinder some three inches 
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in diameter and six inches long; it is then packed in 
standard box with the carburizer to be tested and heat 
fully to a predetermined temperature for a certain time. 
is then removed from the furnace and allowed to eool. A‘) 
test piece has been thoroughly cleansed of any adhering pa 
of compound, five cuts each 0.006 inch are taken on the lat! 
the carbon in each consecutive layer determined by com 
in the regular manner. We have now, provided that the ea 
what we desired, set up a standard for future checking. 

If in the above procedure the first sample removed shows a) 
extremely high carbon content with the next sample showing 
considerable drop in carbon it usually indicates that free cea, 
bon is present. This may be verified by dissolving a sample 
dilute nitric acid. With the proper ecarburizer and usine thy 
ordinary precautions, such a condition should not exist. 

This method of inspection, in order to determine the nature 
of depth of case produced by a certain compound, will oftentimes 
be found more satisfactory than the microscopic examination of 
the test piece, since it shows more definite results than can be 
estimated by the microscope alone. Further, it is practically im 
possible to estimate the carbon by the microscope on a carburized 
alloy steel because the test piece is usually sorbitic. Of course, 
microscopic examination should accompany this carbon test, chief 
ly for visualizing the extent of decarburization at the extreme 
surface. Some decarburization always exists on slowly cooled 
earburized specimens, provided they are not eooled under vacuum 

The nature of the action of the gases evolved from the ear 
burizer on the steel depends not only on their original composi 
tion, but also on the temperature at which they act. This is 
due to the reversal of the reactions at certain temperatures and 
concentrations of the various components in the different sys- 
tems. Even when carburizing with pure carbon monoxide five 
or more systems must be considered, and when using a solid cement 
several more systems are added, due to the introduction of hy 
drocarbons. To attempt to caleulate the effect of these man) 
reactions on the resulting case, quantitatively, is obviously ou! 
of the question, not only because of the complexity of the prob 
lem, but also, because the result of these reactions depends 
on the equilibria of the different systems; which is a condition 
probably never attained in practice. It should be mentioned, |io\ 
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» that in general the reactions resulting in the formation of 
aantiin predominate at the temperature usually used in prac- 
amely, 1600 degrees Fahr. and higher, and the tendency 
ee rburize only manifests itself at fairly low temperature. 
\lthough the carbon content in the case depends on the 


1+ of these total reactions (disregarding diffusion), it should 
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Iron-carbon Equilibrium Diagram. 


be remembered that this concentration cannot rise above the solu- 






bility of the iron earbide in iron for any given temperature ir- 
respective of the time of carburizing. This range of solubility 
in pure iron is shown by the A. line in the iron-carbon equili- 
brium diagram (Fig. 1). 

In steels this concentration will always lie to the right of this 
line, the exact distance varying with the composition. For ex- 
ample, elements which form carbides, such as manganese and 
chromium, will earry it toward the right, and elements which 
‘orm solid solutions with the iron in large proportions, such as 
nickel and silicon, will earry it toward the left, thus, nearer to 
the Aw, line. The abnormality as described by Ehn* will like- 






















larities in Case Hardened Work Caused by Improperly Made Steel,’ by BE. W. 
\cT1oNs, American Society for Steel Treating, September, 1922, page 1177 
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wise carry it toward the left. The saturation point is 
never reached in carefully conducted commercial practic 
the effect of diffusion. But there is one condition und, 
the concentration can reach and even far exceed th 
Charpy, who first studied this phenomenon, converted jroy 
ings completely into iron carbide by cementation in figed 
cyanide. This he explained as being due to small imperceptibj 
oscillation of the temperature. Both Benedicks and Giolitti hay, 
offered explanations which agree with Charpy but which diff 
somewhat in detail. 

An experiment will now be described which shows cleay) 
the extent to which carburization may extend under this coy. 
dition. 

Dises of nickel steel SAE-2320 and nickel-chromium ste¢! 
4.00 per cent nickel, 1.50 per cent chromium, 0.10 per cent ca 
bon, were carburized for nine consecutive heats of 8 hours eac 
using a common commercial carburizer. 

These dises were 1 millimeter thick and 20 millimeters j 
diameter. They were cleaned carefully and weighed before and 
after each heat. At the end of the ninth heat they were found 
to contain 4.00 per cent carbon and 4.60 per cent carbon respec. 
tively. Temper carbon appeared in the nickel steel specimens 
when the carbon content had reached 1.80 per cent. It did not 
appear in the nickel-chromium specimens, however, until the car 
bon content had reached 2.75 per cent. On slow (box) cooling 
the nickel steel showed the grain boundaries and cleavage plane: 
sharply outlined by the rejected cementite (Fig. 2), and this 
miserostructure was changed to austenite-martensite by rapid air 
eooling (Fig. 3). The microstructure of the nickel-chromiun 
dises was not ehanged to any extent even by quenching in oil 
(Fig. 4), although considerable more cementite was retained in 
solution than by slow cooling. Other similar samples when heated 
at constant temperature for the same total period of time Dut 
in one continuous heat showed a carbon content for the nickel 
steel of 1.40 per cent and 2.00 per cent in nickel-chromium ste¢ 

There are several conditions in practice which may lead ' 
a high carbon case through the phenomenon just described. Thes 
conditions may be due to careless temperature control, producing 
oscillations in the temperature, a temporary shut down caused 
by power failure or other cause, the heat continuing after the 
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trouble has been rectified, and again the practice of recarburiz- 
‘ng work which has come out with either a shallow case or which, 
perhaps, has shown soft spots when hardening. This last con- 
dition, which should be exceedingly rare under well regulated 
control, must be met by recarburizing either in old, well burnt 
earburizer or well burnt charcoal and under no condition must 
the regular compound be used. 

On the other hand, at times low carbon eases are obtained 
and are usually due to the decarburizing effect of certain com- 
pounds. This condition should be prevented by the inspection 
of the compound, as described earlier in this paper. The ques- 
tion of careless or improper packing will not here be considered. 

Having discussed in general the production of carburizing 
cases from the cement and their action on the steel, we will pro- 
eeed to the study of the mechanism through which the carbon 
is conveyed from the surface inward. 

The flow of a salt being dissolved in a passive liquid, the 
fow of heat by conduction, and the flow of carbon into steel 
are all similar phenomena governed by the law of diffusion which, 
mathematically expressed, is as follows: 

AK 
= (¢;— ¢;) 

In our case this means that the amount of carbon in solid 
solution flowing inward through a section of known constant 
area and depth in unit time is equal to the difference in con- 
centration at the planes which limit the depth of the section, 
times a constant. 

As above stated, this is similar to the flow of heat which 
we know flows from points of higher temperature to those of 
lower temperature and because of this similarity it is possible 
in the study of diffusion to apply any formula derived from 
the study of the flow of heat, provided it meets the conditions 
of the problem. 

The formula given above holds true only when the distance 
| is infinitely small, and for other cases we must proceed by 
integration.* 


The value of the constant K of diffusivity varies with the 


=a ‘Einfuehrung in die Mathematische Behandlung de: Naturwissenschaften (Nernst und 
Schornfliess), 
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Fig. 2—Nickel Steel Slowly Cooled, Showing Grain Boundaries and Cleavag 
Fig. 3—Structure of Fig. 2 Changed to Austenite-Martensite by Rapid Air ‘ 
Fig. 4—Nickel-Chromium Steel Quenched in Oil. Fig. 4A—Nickel-Chromium Stee! 


Cooled. Photomicrographs are 174X and Etched in a 10 Per Cent Solution of Nit: 
in Alcohol. 
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temperature and must be found by experiment. Experiments 
eading to the values of K in a nickel steel will now be described. 

SA -2320 steel test pieces, rectangular prisms in shape of 
5¢ inch by 1 inch by 5 inches were earburized at 1750 degrees 
ahr. with a commercial carburizer. They were quenched from 
the box and drawn at 1200 degrees Fahr. for twenty minutes. 
The rectangular section was then milled down to a square, thus 
removing the case from two sides. The specimens were then 
parted at the center, and one-half sampled in milling machine, 
taking fifteen cuts of 0.008 inch each from the two sides where 
the ease remained. The earbon on each sample was then deter- 
mined and a concentration depth curve plotted. The other halves 
of test pieces were heated at different constant temperatures for 
a carefully measured duration of time and the concentration gb- 
tained as before, but this time on twenty samples, rather than 
on fifteen. The heating was done in a furnace similar to the 
ordinary carbon combustion furnace. 

It is clear, however, that in order to study the effect of dif- 
fusion in the test pieces that no carbon must be absorbed or lost 
at the surface, and it was this point which was most difficult to 
obtain experimentally. Even when maintaining a vacuum of 
less than 0.1 millimeter of mercury at the pump, enough air 
seeped in through the tube to cause oxidation. Finally a cylin- 
drieal steel bottle having a thin wall was made in which was 
placed, first, a quantity of pure magnesium turnings. This was 
covered with an asbestos plug, which was followed by the test 
piece. The eylinder was then warmed at the bottom and the head 
welded in. The eylinder with its charge was then placed in the 
tube of the furnace with the test piece closest to the thermo- 
couple, which extended through the stopper at one end of the 
tube, both ends of the tube were sealed and a vacuum main- 
tained in it of less than 0.1 millimeter of mercury during the 


heating and cooling period. Under these conditions little carbon 
was lost. 


The diffusion was studied at several different temperatures, 
but it is unnecessary to discuss any but the results of four tests, 
namely, those performed at 1350, 1550, 1650 and 1750 degrees 


Fahr. It was found that at 1350 degrees Fahr. for a period of 
‘ive hours that no diffusion was apparent. The iron at this 
temperature was in the gamma state, it being determined by test 
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that the Ac, point was reached at 1330 degrees Fah 
Guillet has shown'that carbon diffuses slowly in gamma jp) 
at room temperature, we may infer that there was di(f\\ | 
1350 degrees Fahr., but the time element was too eort for its 
measurement. At this temperature then the diffusion of ea. 
bon, as far as commercial carburization goes, loses its significance 

At 1550 degrees Fahr. (Fig. 5), for a period of five hours 
considerable diffusion takes place, but the depth of case is no} 
extended more than a few tenths of a millimeter, the diffusioy 
being confined chiefly to within the case itself. At 1650 deore, 
Fahr. the diffusion shows a rapid increase over that at 155) 
degrees Fahr., and the case is deepened approximately 0.6 ijl 
limeters (Fig. 6). At 1750 degrees Fahr. the diffusion is marked 
the carbon at the surface dropping to about 0.65 per cent and t! 
depth of case being extended approximately 1.2. millimeters 
(Fig. 7). 

The value of K in this steel at the temperature of 1750 de. 
yrees Fahr. is equal to 0.002 and at 1650 degrees Fahr. it is 
equal to 0.0008, while at 1550 degrees Fahr. it equals 0.00009 
square centimeters per hour. Thus we see that the slope of the k 
curve is steep as it approaches the origin, and its origin is un 
doubtedly at the temperature where gamma iron forms. The valu 
of K in the above instance is derived by the substitution of values 
found by experiment, in the integral* 


Since 


S10n at 


C= ATTRI f (x’) (a, one") dx! 







given for the flow of heat in a solid bounded by an adiabatic wall. 
This satisfies our condition, since no carbon is gained or lost. 

From the observation of the above curves it will be noted 
that, although the rate of diffusion is obviously dependent upou 


both the value of the constant of diffusivity and the difference 
in concentration, still the greatest effect is due to the great change 
of the value of K with changes in the temperature, it being im- 
possible for the difference in concentration to vary widely be 


cause of the limited solubility of the carbon in iron. 


Let us now further apply the law of diffusion to depth-time 


curves of the well known form. 


°The Conduction of Heat, Carslaw, page 35, Ex. 2. 
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) 


In Fig. 8 we have first the graph of curve A, whivh shows 
oth of ease obtained at different lengths of time when car- 


the dey 
hurizing at the temperature of 1600 degrees Fahr. The steel 


was a SABH-2320 and the points of the curve were derived in the 


Millimeters 
Fig. 5—S.A.E.—2320 as Indicated by the Circle was Carbur 
ized at 1750 degrees Fahr. for 10 Hours. The Curve Indicated by 
the Circle and Dot represents S.A.E. 2320 Steel. Diffused at 
1550 degrees Fahr. 5 hours in a Vacuum Tube. The Crosses 
Indicate Theoretical Points of Diffusion, K = 0.00009 (cm-hrs. 
system). 


Mi llimeters 
Fig. 6—-The Curve Marked with a Circle Represents S.A.E. 
2320 Steel Carburized at 1750 degrees Fahr.—10 Hours, The 
Curve Marked with a Circle and Dot is that of the Same Steel 
Diffused at 1650 degrees Fahr. in a Vacuum Tube for 5 Hours. 
The Crosses Indicate the Theoretical Points of Diffusion. K — 0.0008 
(cm-hrs, system). 


usual manner by test. The carbon content of steel was 0.20 per 
cent and the maximum concentration at the outside of the test 
pieces after carburizing was 0.85 per cent carbon. We will now 
plot a theoretical curve B, assuming that first the concentration 
at the surface will be maintained at 0.85 per cent carbon and 
that the carbon content in the graduating zone was not estimated 
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closer than five points by the microscope in the test curve, w, 
will further take the same time increment as shown in 


Curve A 
and the value of K equal to 0.00035, this being found 
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Fig. 7—Steel S.A.E. 2320 Carburized at 1750 degrees Fah: zat 
for 23 hours. The Curve is Indicated by the Circles. The Curv: tain 
Indicated by the Circle and Dot is that of the Same Steel Diffused eo 
at 1750 degrees Fahr. in Vacuum for 5 Hours, The Crosses Indi 1) 
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Fig. 8—Carbon Penetration ‘Curves for S.A.E. 2820 Steel 
Carburized at 1600 degrees Fahr. Curve A is the Test Curve sul 
Curve B is the Theoretical Curve Plotted from the Assumption a 
the Carbon Concentration at the Surface will be Maintained at We 
0.85 Per Cent. 
rey 
polation between values of K already found in the test on diffu 
sion. We must now recourse to the following integral,’ given 10 
IN) 





*Einfuehrung in die Mathematische Behandlung der Naturwissenschaften (Nernst 
Schornfliess). 
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na standard text book which fulfills the condition under consid 


eration : 


Ky the evaluation of this integral and the substitution of values 
mentioned above, the curve B is derived. 
Although the theoretical curve lies slightly above the curve 
derived by test 1t will be noticed that a considerable portion of 
is parallel with the test curve, and the values of points in this 
section do not exceed the values shown in the test curve by more 
than some eight per cent. This is within the limit of error for 
the derived values of K, The greater slope of the theoretical 
curve from the origin to the point where it becomes parallel to 
the test curve is probably due to the inability of the carburizing 
vases to furnish carbon to the surface at sufficient rate to main- 
tain the concentration at that point as demanded hy the prob- 
lem. The more active the gases on the steel tending toward the 
formation of tron earbide, the closer the test curve will come to 
the theoretical curve through this section. The use of such curves 
should, however, be eonfined chiefly to the comparison of the re- 
sults of carburization on different steels and should only be used 


} 


for depth-time references when the type of carburizer used i 


ss 


riven, 

The effect of diffusion can be used to good advantage in the 
production of a euteetoid case by slow cooling, provided that 
the carbon in the ease is not too high before cooling takes place. 
With a case containing 1,00 to 1.10 per cent carbon in the outer 
one a eutectoid zone is obtained by furnace cooling from 1750 
degrees Fahr. to 1000 degrees Fahr. over a period of three hours 
igs. 9 and 10). Ilowever, with a carbon content of 1.40 per 
cent (Fig. 11) sueh a procedure is impossible. Even reheating 
in ordinary chareoal for five hours at 1750 degrees Fahr. is not 
sufficient (Fig. 12), but by heating in well burnt charcoal at 
1150 degrees for five hours even this high carbon case can be 
reduced to one of eutectoid structure (Fig, 13). 

The production of a eutectoid ‘ase by furnace cooling is due 
'0 the diffusion of earbon in and beyond the case, the iron be- 
ing still in the gamma state, even after the flow of ecarburiz- 
zases have become much lessened by the drop in temperature. 


Ie 
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In addition to the above methods for the produ 
eutectoid case we may add that of carburizing at f 
temperature with a slow compound, thus allowing th: 
to proceed at a greater rate than the steel can obt: 
from the gases. 

Outside of the danger of variation in the compou 


Figs. 9 and 10—Photomicrographs Showing the Effect of Carbon Diffusion | 
from 1750 degrees to 1000 degrees Fahr., over a Period of 8 Hours. Carbon | 
Case 1.00 to 1.10 Per Cent. Magnification 174X, Etched in a 10 Per Cent § 
Nitric Acid in Alcohol. 


is a condition even when using such a method which must be 
watched. For from the nature of carburization it is apparet! 
that the concentration of carbon will vary with the shape of the 
surface through which it flows. Thus a cylinder will show higher 
concentration at a point below its surface than will be found al 
the same distance from the surface on a flat body, due to the 
converging of the radii which are normal to the surface. Ths 
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is much aggravated by a corner, and free cementite 

jJmost invariably be found along the intersection of the nor- 

er to the surface at such a point, even though the rest of the 
ace may be of eutectoid composition or lower. The photomicro- 
a of Figs. 14 and 15 illustrate such a condition. The test 
niece was carburized in pure wood charcoal, and the case was 


Fig. 11—Carbon Content of Case 1.40 Per Cent, Same Procedure Followed as for 
gs. 9 and 10. Fig. 12—Reheat in Charcoal for 5 Hours at 1750 degrees Fahr. Magnifi- 
1 174X. Etched in a 10 Per Cent Solution of Nitric Acid in Alcohol, 


ound to be of eutectoid composition in the outer zone except 
at the corner. 


The slow cooling in an aggravated condition such as this is 
not always sufficient to reduce a high carbon center of this kind. 
Reheating in fine, well burnt charcoal will at times be permissi- 
ble, the quenching being done directly from the charcoal. Often 
where regenerative quenching is used a sufficiently high first 
quench will suffice to equalize the carbon by diffusion. It should 
be remembered that the regenerative heat which usually is con- 


| 
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Fig. 13—Photomicrograph of Case Containing 1.40 Per Cent Carbon after Kel 


Burnt Charcoal at 1750 degrees Fahr. for 6 Hours. Photomicrographs 14 and 15 Ill “a 
the Increase Carbon Concentration due to the Effect of a Corner. Magnification 1 
Etched in a 10 Per Cent Solution of Nitric Acid in Alcohol. 
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ceded to be for the refinement of the core is also the first step in 
the refinement of the case, and, therefore, it should, irrespective 
of the Ac, point of the core, be high enough to produce the proper 
effect in the case. 

After the brief review of the.data and physical laws herein 
described, we see that the true relation of time and temperature 
to depth and nature of case cannot be expressed by any simple 
relation, and it is only by the close observance of several condi- 
tions that we may attain the type of case which we desire. 
Highly satisfactory and consistent results can be obtained by 
the close observance of the different facts elucidated in this pa- 
per. The continued study of the subject trending toward the 
collection of more accurate and well defined quantitative data 
will bring the subject of carburization of steel by solid cements 
into a much clearer light. 

The author wishes to thank Carl Carrigan for his work in the 


preparation of the photomicrographs and to E. Schweizer for his 
work on diffusion. 


Discussion 
CHAIRMAN BRADLEY STouGHTON: It seems to me, gentlemen, one of the 
outstanding features of the American Society for Steel Treating is that it 


has always been characterized by papers of theoretical importance, of prac- 
tical importance, and some papers which are theoretical with a very strong 
slant in the practical direction. Mr. Day’s paper is representative of this 
type and I am sure it has been of interest to all of us. 

A. L. Davis: I would like to ask Mr. Day whether in any of his experi- 
ments he has touched on the method of separating the carburizer from the 
parts to be carburized, as described by Mr. Merten, where he segregated his 
cement material by a screen and stated that after a year’s operation he found 
advantage in doing that. 

W. E. Day: We have conducted some laboratory tests along those lines, 
but have done nothing from the practical standpoint, since we have found it 
unnecessary. When this method is used the case is always found thinner 
than when the compound is in contact with the work. In the experiments 
which we conducted it was found that the case obtained in this manner was 
some 15 per cent thinner. This is to be supposed, since when the compound 
is not against the work, the partial pressure of the carburizing gases must 
necessarily be much less. We have never found it necessary to resort to this 
method, because of the condition of the surface of the work being carburized. 

A. L. Davis: I would like again to refer to Mr. Merten’s paper and the 
question he brought up of abnormal steels, which he felt did not exist. Have 
you in your work run into anything to throw light on that question, which 
Was rather heatedly debated the other day. 

W. E. Day: I referred briefly to this subject in the paper, mentioning 
that the solubility of carbon in the so-called abnormal steel is lower than it 
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would be in a normal steel. The experiments leading to this conclusion wan 
conducted on a 3.50 per cent nickel steel. It is interesting to note that jy +, 
last progress report from the Bureau of Standards, on the investigation of 4} 
normality in steel, they find the same condition by thermal analysis. [) , 

investigation both microscopic and chemical analyses were used. [ think that 


abnormality exists, not only because of the tests we have performed 
laboratory, but from the experience gained by running down troub); 
field pertaining to this type of steel. I recall in one case where 
countered an abnormal 3.50 per cent nickel steel. The part made from thp 
steel was being carburized at 1580 degrees Fahr., and it was impossible tp 
get the carbon content of the case above 0.65 per cent irrespective of the tine 
of carburizing. Although we could get the depth—we could not get the eop. 
centration of carbon sufficiently high. On hardening, soft spots were jnyarj 
ably encountered. This steel showed a characteristic abnormal micro-structyy, 
after carburizing. By raising the carburizing temperature to 1750 degrees 
Fahr. we obtained a case slightly above the eutectoid point. For these reg 
sons I believe that abnormality does exist and I further think that elements 
such as silicon and nickel aggravate this condition. 

L. A. LANNING: I think that on the question of normal and abnormal 
steels we are apt to be deceived somewhat. In our own case we have en 
countered this condition, the abnormal steel, or at least the one which tends 
toward the so-called abnormal side, gives us apparently the best case, whereas 
the normal steel, which will carburize deeper and perhaps give a slightly 
higher concentration, will give us a poorer looking case after hardening. W 
find this condition, that in the normal steel, after hardening and fracturing 
we apparently have a very thin case, whereas in the abnormal steel we get th 
full depth. If we take the normal steel, which shows an apparently thin case, 
polished and etched so as to bring out the total depth, we will see that the 
apparent grain refinement is only about half the depth of the case. ‘This, | 
believe, is due to the fact that the normal steels tend to be coarse grained 
whereas the abnormal steel runs toward the fine grained side, consequently 
the abnormal steel will show a greater grain refinement. There is also in th 
normal steel a greater tendency toward brittleness. If we take a piece aud 
fracture it under a press we can feel by hand that the piece will break a 
little bit easier than the abnormal type. 

W. E. Day: I believe that the normal steels to which Mr, Lanning has 
referred are as he stated of the type which may be termed large grain normal 
steels. It is unfortunate that the impression has been created that all normal 
steels are of large grain—since such is not the case. It is possible to obtain 
normal steels of fine grain and I believe all the phenomena of which hi 
speaks are due to the large grain normal steel. Brittleness under shock might 
be expected from a large grain structure. In the fine grain normal steel 
however, I do not believe that such conditions would be so prevalent. | 
further believe that the effect of nickel in a normal steel reduces to some eX 
tent the grain size, 

There are methods in steel manufacturing and with which | am 10! 
familiar but by the use of which steel can be made fine grained and of normal 
structure. There are several steel mills at present which turn out this type of steel 
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ON THE NATURE OF SOME LOW TUNGSTEN 
TOOL STEELS 


By M. A. GROSSMANN AND E. C. BAIN 


Abstract 

This paper is one of a series on the constitution of 
vertain steels which have wide commercial application. 

The authors have considered in this paper low-tung 
sten tool steels which contain 3.00 per cent tungsten and 
somewhat over 1.00 per cent carbon. The steels investi- 
gated were of two types—oil and water hardening. The 
hardness, toughness, shrinkage, and microscopic proper- 
ties of these steels were studied, and the results plotted. 


‘THE present paper is one of a series by the authors, present- 
ing views on the constitution of certain steels which find 
wide commercial application,?»?* . 

It is based on a study of certain mechanical and physical 
properties, namely, hardness, toughness, shrinkage and micro- 
scopic appearance. 

The steels under present consideration are low-tungsten tool 
steels, of the types used when demanding of cutting tools a mod- 
erate increase of efficiency over plain carbon steels. They are 
frequently called ‘‘finishing steels’’ and contain about 3.00 per 
cent tungsten and somewhat over 1.00 per cent carbon. 

The steels tested were of two types—one ‘‘oil-hardening,’’ 
the other ‘‘water-hardening.’’ The former will become sufficient- 
ly hard to be used as a cutting tool when hardened by quench- 
ing in oil—the other requires the more drastic water quench. The 
steels had the following compositions : 

Steel No. I. Steel No, IT. 
Oil-hardening Water-hardening 

Per Cent Per Cent 

C 1.08 1.23 

Mn 0.35 0.25 

‘3i 0.36 0.14 

WwW 2.66 2.46 

Or 0.50 0.14 

V 0.29 nil 


‘On the Nature of High Speed Steels, Journal, Iron and Steel Institute 110, 1924 II, 


_ “On the Nature of the Function of Chromium in High Speed Steel, Transactions, A, 8. 
S. T. October 1924. 


‘On the Nature of Oil-Hardening Tool Steels. 


| Of the authors, M. A. Grossmann is metallurgist with the United Alloy 
Steel Co., Canton, Ohio, and E. C. Bain is research metallurgist, Union Carbide 
ind Carbon Research Laboratories, Long Island City, N. Y. 
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The nature of the steels was deduced largely from th, shrink. 
age curves and the microscopic appearance. The changes ip hard. 
ness and toughness served to confirm the deductions made from 
the other tests: it was found that a well-coordinated set of phe. 
nomena existed, building a rather complete picture of the nat 


ure 
of the steels. 


SHRINKAGE 


The shrinkage curves represent the changes in dimensioy 
taking place when a piece of the hardened steel is tempered x 
successively higher temperatures. (No account is taken of th 
purely thermal expansion and contraction. The pieces were meas. 
ured at room temperature, so that a reading indicated as 40) 
degrees Fahr. represents the length of the test piece when, hay. 
ing been re-heated to 400 degrees Fahr., it is again cooled to 
room temperature. ) 

All test pieces were 7’, inch square, and about 214 inches 
long. After hardening, éach test piece was ground on the ends 
so that the planes of the ends were parallel. Length reading: 
were taken on a vertical Federal dial indicator, and checked on 
an Ames dial with a multiplying arm. The actual length of the 
specimen was known only approximately but the changes in 
length were read directly to 0.0001 inch, and interpolated to 
0.00001 inch. In studying the length changes, the piece was first 
measured in the condition as quenched. It was then tempered 
at the first drawing temperature, and a new reading taken. After 
this reading was taken, the same piece was reheated to the next 
higher drawing temperature. The changes in length with suc. 
cessively higher drawing temperatures are shown in Figs. 1 and 2. 
The curves show the changes after five different quenching tem- 
peratures, namely, 1600, 1700, 1800, 2000, and 2200 degrees Fahr. 
A commonly recommended quenching temperature is 1650 de- 
grees Fahr., especially in the case of the oil-hardening grade, and 
the reason therefor will appear subsequently. 

When the steel is tempered at low temperatures, any mar- 
tensite formed during the quench will be decomposed. It breaks 
down with the formation of carbides and with a certain amount 
of grain growth. These changes are accompanied by contraction 
of the steel. In tempering up to 350 degrees Fahr., we find 
the test-pieces contracting, as shown in Fig. 1. But we come 
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a 


now to the most pronounced feature in the curves, which is the 
expansion which then sets in at about 400 degrees Fahr. and 
hich has a@ maximum at between 450 and 550 degrees Fahr. 
This expansion 1s presumed to be due to the breaking down of 
austenite, and this presumption may be considered to have re- 
eeived adequate proof in recent years. The austenite is of a low 
jecree of stability, since it begins to be decomposed at 400 degrees 
Fahr. 

Upon heating a little higher, more of the austenite is decom- 
posed, and the process continues until it has all been decomposed 
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As quenched 200 400 600 300 7000 +~‘/200 
Tempering Temperature ~ Degrees Fehr: 


Fig. 1—Volume Changes on Tempering Steel No. 1. 


at about 800 degrees Fahr. It should be borne in mind that the 
net change in length after any heating in this range is the alge- 
braic sum of three possible effects: (1) the original martensite 
continues to break down and contract; (2) the austenite is trans- 
formed to alpha iron and expands; (3) the latter, newly formed, 
alpha iron with its carbides undergoes contractions similar to the 
martensite change (1). If we find, then, that heating leads to 
expansion, for example, between 400 and 450 degrees Fahr., it 
means that the expansion due to transformation of austenite is 
the predominating reaction. But if we find that contraction is 
taking place, as in the range from 600 to 650 degrees Fahr., we 
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February 


cannot conclude that all the austenite is decomposed, we can 
merely say that the contractile effects due to formation of cay. 
bides and to grain growth are having a more pronounced influ. 
ence on the total volume of the steel than is the expansion due 
to decomposition of any remaining austenite. There is good evi. 
dence that in this higher tempering range there is stil] consid 
erable austenite, but it is in the minority in effecting yo) 
changes. 


When the quenching temperature is raised somewhat. 
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Fig. 2—Volume Changes on Tempering Steel No. 2. 


amount of- austenite retained in the quench increases, as indi- 
cated by the greater total expansion when this austenite trans- 
forms to alpha iron. The amount of retained austenite reaches 
a maximum when the quenching temperature is about 1800 de. 
grees Fahr. When the steel is heated beyond that temperature, 
the amount of this relatively unstable austenite no longer in- 
creases—it actually begins to decrease. But examination of the 
curves shows that now a more stable austenite is beginning to 
appear. This new austenite is decomposed only upon heating 
to 1100 degrees Fahr. It undoubtedly partakes of the nature of 
r | the stable austenite which constitutes much of the ‘‘as-quenched”’ 
if structure of high speed steel. The total amount of the more 
stable austenite remains quite small, probably not over 5 per 


cent of the whole, even when the quenching temperature reaches 
2200 degrees Fahr. 
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Fig. 2 shows the changes in length when tempering the 
“water-hardening’’ steel. Curves 1, 2 and 3 should not be con- 
jidered as representing the tempering changes in the hardened 
steel, because only a small part of the section became ‘‘hard’’ in 
the treatment given. At the lower quenching temperatures, only 
, surface layer hardens to martensite and austenite, the center 
of the test piece remaining predominantly or wholly troostitic. 
This is seen in the three photomicrographs of Fig. 6.) Trogstite, 
upon reheating, exhibits neither the contraction due to martensite 
nor the expansion due to austenite, since it has already reached a 
rather stable structural condition. Therefore, in the steels of 
curves, 1, 2 and 3 of Fig. 2, we have rather complete stability 
in the central portion of the test piece, and, superimposed upon 
this, the contractions and expansions in the thin hardened sur- 
face layer. The result is a curve showing only slight variations 
from a straight line. But when the higher quenching tempera- 
tures are reached, where the steel is hardened almost wholly 
throughout its section, the changes in volume become quite prom- 
inent. There is practically no neutral unhardened core to mask 
the changes. 

Judging from the volume changes after the higher quenching 
temperatures, steel No. 2 is seen to exhibit the same type of re- 
actions as steel No. 1, and, therefore, undoubtedly has similar 
structure, or association of structures. But the lesser tendency 
to harden is noted here, too. The amount of the less stable 
austenite retained in the quench is much less than in steel No. 1 
judging from the expansion on reheating), and the amount of 


the more stable austenite (which decomposes at 1100 degrees 
ahr.) is considerably less. 


HARDNESS 


Steel No. 1 (the oil-hardening grade) was examined rather 
carefully with respect to hardness. (Steel No. 2 was not tested, 
since the slightness of the depth of hardening might have viti- 
ated the results.) The data secured are plotted in Fig. 3, and 
will be seen to bear out the views expressed above. Curve 1, after 
quenching at 1600 degrees Fahr., shows regular decrease in hard- 
less upon tempering with but little inflection in the curve around 
000 degrees Fahr. The effect of the decomposition of austenite 
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is, therefore, only slight. As the quenching temperature ix raised 
the greater retention of austenite leads to two phenomena —(, 
the steel is softer in the ‘‘as-quenched”’ condition, and (b) ther 
is found an increasing secondary hardness at 500 degrees Fahy 
Both of these phenomena can be attributed to the retained austey. 
ite (a). The austenite is softer than the martensite and cays 
the initial softness, and (b) the secondary hardness at 500 do. 
grees -Fahr. would, naturally, increase when the austenite. whj,) 
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Fig. 3—Changes in Hardness on Tempering Steel No. 1 


is responsible for it, increases in amount. This marked increase 
in hardness at the low drawing temperature is unusual, for so 
far as the authors are aware, other steels almost never exhibit 
an increase in hardness equivalent to 6 points Rockwell C, at 
this lower drawing temperature. A manganese steel, with an 
equivalent amount of austenite retained in the quench, exhibits 
practically no rise in hardness when the austenite is transformed 
at this low temperature. Other low-alloy steels, with lesser 
amounts of austenite, will, of course, exhibit almost no change 
in hardness. The increase in hardness of these low tungsten 
steels is paralleled only by the secondary hardness of high tung- 
sten or high chromium steels after a high quench, but in these 
cases the secondary hardness appears on drawing at 1100 degrees 
Fahr., and not at 500 degrees Fahr. Presumably the great sec 
ondary hardness in the present steels is due, first, to the very 


large amount of austenite (as shown in the pronounced expal- 
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and, second, to a certain stability and hardness of the prod- 
iets of transformation of the austenite, due to the presence of 
tungsten and chromium. 

In this connection it should be observed that these steels 
exhibit also a secondary hardness, at higher temperature, i. e., 


7 


S 
*< 
Q 
S 
‘ 
§ 
Q 
x 
8 
S 
: 
i 


As guenched 200 400 600 
Jempering Jemperature~ Deg. Fahr. 


Fig. 4—Changes in Toughness on Tempering Steel No. 1. 


in addition to that at the lower drawing temperatures. This, of 
course, 1s to be connected with the decomposition of the more 
stable austenite at 1100 degrees Fahr. The more stable austen- 
ite was in evidence in the shrinkage and expansion curves, and 
conforms in theory to the phenomenon as described above. 


Impact TOUGHNESS 


_ The oil-hardening steel (Steel No. 1) was further tested for 
impact toughness in a machine of the Charpy type. Unnotched 
bars, 34 inch square and 21% inches long, were tested in various 
conditions of heat treatment. One series was quenched at 1600 
“egrees Fahr., one at 1700 degrees Fahr. and one at 1900 degrees 











266 TRANSACTIONS OF THE A. 8. 8. T. 


February 
Fahr., and pieces from each series were tempered at a series of 
successively higher temperatures. The toughness values ex 


pressed as foot-pounds absorbed in breaking, are plotted iy Fig 
4. Each value plotted is an average from five or six test bars 
The individual values obtained did not exhibit as sat isfactory 
concordance as would be desired, but it will be seen that ; the 
averages from a number of tests showed very definite trenq 
These trends accord in every respect with the other phenomens 
and the deductions therefrom, as outlined above. The first change 
in the quenched specimens, in tempering them up to 400 ) degrees 
Fahr., is a decomposition of the martensite which was present 
after the quench. This results in contraction (Figs. 1 and 9 
and in softening (Fig. 3) and (as was, therefore, to be expected 
in an increase in toughness (Fig. 4). In the range from 400 
500 degrees Fahr., most of the less stable austenite is decoy. 
posed, forming very fine-grained alpha iron with highly disperse 
earbon or carbides. This shows in the expansion (Figs. 1 and? 
and in the increase in hardness (Fig. 3). It is accompanied by 
the development of a certain amount of brittleness (Fig. 4) 
When the tempering temperature is raised beyond this point, 
the association of carbides proceeds, together with grain growth, 
and results in contraction (Figs. 1 and 2), decrease in hardness 
(Fig. 3), and pronounced increase in toughness (Fig. 4) 


MICROSTRUCTURE 


Finally, attention should be directed to the difference be 
tween the two steels, as evidenced in the shrinkage curves and 
explained more clearly in the structure. It was pointed out at 
the beginning that Steel No. 1 is an oil-hardening steel, and 
Steel No. 2 is water-hardening,—Steel No. 1 will remain marten. 
sitic (with austenite) in an oil-quench, while Steel No. 2 requires 
a quench in water to preserve even a moderate amount of th 
martensite-austenite mixture. Further, a broken section of Stee 
No. 1 shows fine, hardened fracture grain throughout the cross- 
section, while Steel No. 2 shows but a thin rim of the hardenel 
structure, the center being coarse and unhardened. The correspont: 
ing microstructures are shown in Figs. 5 and 6. Fig. 5 shows the 
structure of Steel No. 1 as hardened, near the edge, and at the cer 
ter, as indicated in the circle of the sketch. The structures near the 
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amount of troostite, while quite near the center 1 
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troostitic. The ‘“‘hardened’’ layer (predominantly martensiti. 
little more than ;y inch deep in a 34 inch diameter bar. 

It should, perhaps, be remarked here that this lat: 
is similar in structure to others that are not ‘‘deep-ha: 
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Fiz. 6—Structures at Positions Shown, in Hardened Bar of Steel No. | 


The surface-hardening steels, such as the carbon tool steels, hardeu 
to a certain depth only, i. e., a broken bar shows a surface layer! 
having a refined fracture, while the center of the bar has 4 
coarser fracture. Under the microscope, however, the transition 
in structure is not sudden. The outside is martensitic, with, per 
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haps, @ little troostite, and on passing from the outside toward 
the center of the bar the proportion of troostite increases gradu- 
ally, with a corresponding decrease in the proportion of mar- 
tensite. The junction line between refined case and coarse- 
grained core is the point where the structure changes from pre- 
dominantly martensitic to predominantly troostitic. 

In comparing the two steels, No. 1 and No. 2, the explanation 
of the difference in hardening must be sought in the composi- 
tion. The significant differences are in the chromium, the vana- 
dium and the silicon, and of these the chromium, and to a lesser 
extent the vanadium, are, without doubt, the causes for the in- 
ereased response to heat treatment. It has long been held that 
chromium inereases the solubility of tungsten in carbon steels, 
and significant evidence has recently been offered in this direc- 
tion by Maurer and Schilling.* Assuming the correctness of this 
view, it is readily understood that the availability of tungsten 
atoms for the formation of regions of austenite would be much 
greater in the steels containing chromium. During all the hot 
working processes the chromium would make for diffusion of the 
tungsten atoms, and in the heating for hardening would lead to 
a similar diffusion. This would result in the formation of a 
more ‘‘conecentrated’’ austenite, with more of the tungsten atoms 
and, incidentally, more carbon atoms also. This would lead to 
more stability of the austenite in cooling, and added to this 
would be the increase in stability due to the presence of chrom- 
ium in the austenite. The austenite of Steel No. 1 would, thus, 
be comparatively quite stable. 

The effect of the greater availability of tungsten atoms is in 
evidence also in the formation of the more stable austenite, which 
decomposes only upon tempering at 1100 degrees Fahr. It is 
probable that there are different regions throughout the steel. 
some of them consisting of austenite of lesser stability, and oth- 
ers (richer in tungsten) consisting of austenite of greater stabil- 
ity. These different regions are, undoubtedly, contiguous, and result 
from the accidental positions of masses of available tungsten atoms. 
Concentration gradients arise in the diffusion from these concen- 
trated regions into the poorer regions while the steel is in the 
heated gamma-iron condition, and at the moment of quenching 
there are regions of different degrees of richness and, hence, of 
different degrees of stability. 


‘Stahlund Eisen, July 9, 1925, p. 1152. 
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SUMMARY 


Two low-tungsten tool steels were examined for shrinkao 
and expansion after various heat treatments, and the change 
were found to be significant of the structures of the steels a 
hardened. The oil-hardening steels consist of a mixture of may. 
tensite and austenite throughout, while the water-hardening steels 
have this structure at the surface only. The center of the water. 
hardening steels is largely troostitic. In addition to a rather yp. 
stable austenite decomposing at 500 degrees Fahr., there is a smal] 
amount of stable austenite decomposing only at 1100 degree 
Fahr. 

The hardness curves on the oil-hardening steel show secon. 
dary hardness at the low drawing temperatures, as well as a slight 
hardening at 1100 degrees Fahr. : 

The impact toughness curves show initial toughening upon 
tempering, then brittleness at about 500 degrees Fahr., and then 
pronounced toughening. 

The microstructure shows the presence of austenite and mar- 
tensite in the oil-hardening steels, and troostite at the center of 
the water-hardening steels. 

The heat treatment generally recommended for the oil-hard. 
ening grade is a quench at 1650 to 1700 degrees Fahr., followed 
by tempering at about 350 degrees Fahr. It will be observed 
that this offers the best combination of hardness and toughness. 


Discussion 

CHAIRMAN ALBERT SAUVEUR: We have listened to a very interesting 
paper, which, I am sure, some of you will desire to discuss. 

Howarp Scorr: I think Messrs. Grossmann and Bain are making a 
very commendable effort to determine the properties of some of our com- 
mon tool steels. Unfortunately there is very little information on these 
steels in the literature. For one thing, I wish they had determined the 
eritical cooling rate of the steel,—and I do not mean by that that it is 
necessary to take a quenching curve of the steel. It is sufficient to find the 
maximum size which will harden in water or oil. Unfortunately, the only 
steels that I know of for which this is known are the straight carbon steels 
of the eutectoid composition and the chromium ball bearing steels. 

It is very gratifying to find that they have made use of the volume 
changes in steel for revealing the properties and constitutional changes of 
these steels. That is, again, an easily measured property, and yet we find it 
is very little in use, perhaps because it is of apparently very little direct 
or practical value. I have had occasion to use that test to a considerable 
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extent in the investigation of dimensional changes on hardening, and I 
have been very much surprised to find how sensitive it is to changes in 
constitution. 

There is one anomaly in these dimensional changes or volume changes 
which occurs on tempering which the authors have not brought out, but 
which was mentioned last year by Messrs. Heindlhofer and Wright at the 
Boston convention. I refer to the large volume change after the peak on 
tempering. If we might have Mr. Grossmann’s first slide, I can illustrate 
that better. 

It is well recognized that there are three distinct divisions on temper- 
ing, that is, the shrinkage first, followed by an expansion, and later by a 
contraction. You will see in this case they have drawn a straight line down 
to about 300 degrees Fahr. on tempering. That line, I believe, really starts 
off very slowly and then drops. That was shown very clearly by Messrs. 
Heindlhofer and Wright last year. That is quite significant, also, for it 
shows that the reaction is about as fast at fairly low temperatures as it is 
at the higher temperature, where it again contracts, that is, the reaction 
velocity of the contraction component does not increase regularly with the 
temperature. 

You will notice also that the contraction beyond the peak is very 
much larger, twice as large as the contraction before the peak. That is the 
anomaly. It implies that there is martensite existing beyond the peak. 
Well, of course, there must be; otherwise there would not be a peak. Yet 
we generally assume that the martensite is completely transformed to 
troostite when the peach is reached. 

It is rather interesting to consider explanations for this phenomenon. 
You might introduce some new constituent in the steel, or again you 
might consider that either the reaction of the first part has been hastened 
by some cause or that it has been slowed up in the latter part. I think it is 
much more probable that the reaction has actually been hastened in the 
first stage, particularly for the reason that there is austenite present during 
the first stage while no appreciable quantity is present after the second. 
There are other reasons for believing that, but that would involve quite a 
bit of discussion and I hardly think it is well to go into it now. 

JEROME Strauss: Perhaps an added word with regard to the appli- 
cation of these finishing steels may not be out of place. 

Steels which show shrinkage curves similar to those discussed by the 
authors, in which a large expansion due to decomposition of austenite 
follows, upon tempering, a contraction due to changes in the original 
martensite, are useful as non-deforming steels. This is readily apparent 
when the complete curves originating with the unhardened state are 
viewed, and it is unfortunate that Messrs. Grossmann and Bain did not 
use this origin for their curves in the presentation of the results of their 
study. 

It may then be observed that somewhere between 250 and 400 degrees 
Fahrenheit it is possible to cross or closely approach the datum line of 
dimensions. It may be argued that this data will be obtained by continu- 
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ing the length change curves to the annealed state, but this does ».) 
to be true in every instance, for, as in other steels, the original ex); 
contraction varies appreciably, according to the heating tempera re, th we 
heating rate, and the time at heat prior to quenching. This time-t, mpera- , 
ture factor may be so chosen for these steels as well as for th, 

deforming manganese steels, so as to attain the desired state of yo great 
dimensional difference between the unhardened and the hardeneq and ae 
tempered states (using a predetermined tempering temperature). =a 

However, from a review of many tests and measurements of finished = 
tools, it is found that, although the manganese, the tungsten and the chrome. 
tungsten steels may all show trifling average dimensional changes afte; aad 
treatment, the manganese and tungsten steels more nearly approach perfee oa 
tion in one respect. If length measurements are made on bars of either ail 
rectangular or circular cross-section, as the authors have done, and severa| 
points of measurement are used in obtaining an average over the entir< 
end area, these two steels, namely, the manganese and the tungsten steels. 
will show less variation between individual measurements than does the 
chrome-tungsten steel. Hence, if a high degree of non-deforming qualities 
is required and surface hardness is satisfactory, the tungsten steel is most 
useful. If the same non-deforming qualities and deep hardening are re. 
quired, the manganese steel appears to be best. If moderately good non. 
deforming qualities are suitable and deep hardening plus an increase in 
cutting properties over that of the other two steels are desired, the chrome- 
tungsten is dictated. 

Aside from this question of application, the authors have referred to 
two austenites, distinguishing between them by the decomposition tem. 
perature only. Can they perhaps furnish a further description of these com 
ponents that will help toward a more complete understanding of the 
difference between them? 

Dr. ANCEL St. JOHN: In examining the curves I noticed that along with | 
the marked peak in expansion at about 500 degrees Centigrade, there is a 
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a 
marked trough in the toughness, and it occurs to me that if the chang W 
such as is postulated, of austenite to martensite, is taking place very il 
rapidly at that temperature, that on the theory that Mr. Bain and I have e 
proposed for the mechanism of the transformation from austenite to marten t 
site, there is a tremendous degree of fragmentation of the crystals, and that ¢ 
in the course of that there will be developed a considerable amount of t 


momentary or temporary voids in between the grains of the transformed 
material before they have had time to, by virtue of the agitation, rearrange : 
themselves or to grow to larger sizes. This would tend to reduce the tough 
ness. 
Now, it is perfectly true that when you have a set of spheres, all of 
the same size, the percentage of voids is entirely independent of the 
diameter of the spheres; but when you have a lot of spheres of miscellaneous 
sizes, the ratio of voids to space occupied is not at all independent of the 
distribution of diameters. And it occurs to me that the very rapid con- 
traction taking place after the peak, may be due to a contribution, in part, 
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from the elimination of these temporary voids. And it occurs to me further 


that information concerning that might perhaps be secured by tests on the 
permeability of the material to gases in the regions under question. 


Written Discussion: By H. B. Allen. 


The paper under discussion is especially interesting at this time as the 
class of steels covered is becoming increasingly important. Therefore, too 
much information as to the nature of the steels cannot be had. 

In that the subject is important it would seem advisable and necessary 
to cover certain points a little more completely than has been done by the 
authors in this ease before arriving at their theory. While two types of steel 
are investigated, one the so-called oil hardening and the second a water hard- 
ening type, the latter is given rather brief attention owing to the fact that it 
would not, as stated, harden to the same depth as the former. The conclusions 
reached are therefore in reality based on one type of steel. And further, 
the impression is left, without supporting evidence, that this one type will 
make the better tool. r 

It is hard to see how the experimental results justify the conclusions re- 
garding the influence of chromium. In explaining the difference in hardening 
between the two steels, the authors on the eleventh page of their paper state that 
while the significant differences are in the chromium, vanadium, and silicon, 
the chromium, and to a lesser extent the vanadium, are the causes for the in- 
creased response of their No. 1 steel to heat treatment. While the chromium 
may well be largely instrumental it is a little difficult to accept the reasoning 
as conclusive as based on the data presented. They overlook the difference in 
manganese content and attach no importance to the higher silicon. The com- 
bination of a higher manganese together with higher silicon in reality has a 
marked effect on the hardening properties of steel, especially where some 
chromium and tungsten are present. For example, a plain carbon tool steel 
having 0.25 per cent manganese and 0.14 per cent silicon and in the form of 
a piece yy inch thick will oil harden to about 415 Brinell hardness number, 
whereas raising the manganese and silicon to around 0.36 per cent will result 
in a hardness of around 600 Brinell. The former steel will have a skin hard. 
ening while the latter will be hard fairly well throughout. It is a pity that 
the two steels investigated under this paper were not more nearly alike in 
composition except for the element, chromium, on which the theory explaining 
the increased response to heat treatment, is largely based. 

While the investigation shows that steel No. 2 hardens to a lesser depth 
than No, 1 in the size of piece worked on, it would seem that it has not been 
shown that the hardened skin on the former steel does not possess the same 
qualities for red hardness and therefore the same cutting ability as the No. 1 
steel. Evidently little value can be piaced on any conclusions toward this end 
from a comparison between the expansion curves for the two steels as given 
in Figs. 1 and 2. Even the samples of No. 2 steel hardened at the higher 
temperature showed some trace of soft core; or as the authors explain, that it 
hardened almost wholly throughout its section. And as explained by the 
authors, any such uniformity in structure will mask the true volume changes 
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of the surface layer. Hardness test readings taken at the center of tho or 
section of. some of these test pieces would have been valuable in‘ rmation, 

The variations in hardness for different heat treatments ; nterestiny 
and would be more so if the curves for hardening temperature of 199 7 
and 2200 degrees Fahr. had been included in Fig. 3, so as to offer sien on 
parison with the expansion curves of Fig. 1. It is not quite clear why 4, 
hardness investigation could not include steel No. 2. A hardening penetra 
tion of yy inch in depth should be sufficient to allow a true Rockwell hard 
test of the hardened skin. Even if it were found that the lower hardeniny 
temperatures gave too thin a skin for a reliable test, a test piece of thinne 
cross section could be resorted to. What was the size of the sample illustrate: 
in Figs. 5 and 6? 

Fast finishing steels are largely used for tools where a deep penetration 
of hardening is not necessary. For the average tool it is an advantage 
have the softer, tougher core. Finishing steels having this characteristic 
the authors’ No. 2 type are common. It would be very useful therefore 
have the point clearly brought out whether or not the surface layer, to a req 
sonable depth, on heat treated steel of type No. 1, has better red-hardnegs 
properties than that of type No. 2; and if so to just what difference 
chemical composition this is due. 

M. A. GROSSMANN: I was very much gratified to have Mr. Scott’s abj 
discussion of our curves, because we all know that he was one of the first t 
use this method of investigating the nature of steels. His work, especially 
on the carbon-chromium steels, is very well known, and we all know the con 
fidence we place in his deductions. 

As to the reference made to the rates of decomposition of martensite and 
austenite, I wish only to refer to that for a moment and to say that th 
austenite, after it has been decomposed, still seems to possess more stability 
than the original martensite. This is illustrated especially in high-spee 
steels, which are often the association of austenite and martensite. We know 
that the austenite which is decomposed on drawing at 1100 degrees changes 
very much less readily than the original martensite. This change is probably 
due to the same factors which caused the austenitic areas to form in the 
first place. There is probably a greater availability of the carbon and allo 
atoms, which leads to very much slower migration, and the slower migration 
probably holds after the decomposition or transformation to alpha iron. 

With regard to Mr. Strauss’ questions regarding the two austenites, we 
believe that these two in their formation are a question of the availability o! 
atoms. That is to say, immediately in the neighborhood of the carbide par 
ticles (the alloy carbide particles), there are a great many alloy atoms avail 
able, especially the tungsten atoms, and these would form a richer austenite 
in the immediate neighborhood of the tungsten carbide particles than at some 
little distance from these particles. The austenites, being poorer at a little 
distance from the tungsten carbide particles, would decompose more readily. 

With regard to Dr. St. John’s remarks referring to his work and that of 
Mr. Bain, I think perhaps Mr. Bain would like to reply to that himself later. 
I should like myself to refer to Mr. Allen’s comments, We didn’t at | 


Ness 





mean 
tainly 
harde! 
harde 
are U 
will ¢ 
more 
that 

sectit 
vant: 


very 


ear 
bas 
pro 
ste 
the 


th 





k ebruary 


of the CYOgg 
f Tmation, 
* Interesting 
f 1800, 9) 


or More ap 


Com 
lear Why the 
ing penetra 
vel] hardness 
T hardening 
€ of thinne 
l illustrated 


penetration 
dvantage ¢ 
acteristic 
therefore t 
er, to a reg. 
red-hardness 
‘ifference in 


Scott *g abl 
the first to 
t, especially 


OW the eon 


rtensite and 
uy that the 
re stability 
high-speed 
We know 
pes changes 
is probably 
rm in the 
1 and alloy 
> migration 
a iron. 
itenites, we 
ilability of 
arbide par- 
toms avail 
r austenite 
in at some 
at a little 
re readily, 
nd that of 
nself later. 
dn ’t at all 








DISCUSSION—NATURE OF LOW TUNGSTEN STEELS 


1926 


mean to imply any superiority of one type of steel over the other, It is cer- 
ly well known that the water hardening steels, with the surface layer of 


tain 
ned material, have many applications, probably fully as many as the oil 


hard 
hardening steels, in which they give equal service. The tool steels, of course, 
oa ysed only at the surface, and a surface-hardened layer of sufficient depth 
will offer fully as useful a tool as a deep hardened steel. In our investigation 
more attention was given to the oil hardening steels merely from the fact 
that they were deep hardening and that it was possible to obtain a cross- 
section Which was uniform in structure throughout. That was especially ad- 
vantageous in the impact tests, where tests on tool structures would have been 
very much more difficult to carry out in the case of the water-hardening steels. 
In discussing the comparative effects of chromium, manganese and sili- 
con, | wish merely to say that it is our belief that the chromium leads to more 
rapid diffusion and perhaps greater solubility, or at least more ready solubility, 
of the tungsten atoms, and in leading to diffusion and therefore to avail- 
ability of the tungsten atoms, will cause the formation of richer austenite 
areas, With the resultant formation of more austenite retained in the quench. 

M. A. GRosSMANN: With regard to the nature of the two steels, we were 
careful to emphasize the fact that although many of our conclusions were 
based on data obtained from one kind of steel, yet the general similarity in 
properties, as shown by expansion curves, leaves little doubt that the two 
steels are quite alike in their reactions. The essential difference between 
them is the, difference in their tendency to harden, this difference leading to 
the use of different quenching media. 

It was also pointed out in oral discussion that the reactions of the two 
steels in service were about the same, since the wearing part (the outside) of 
the water hardening steel was in about the same condition as the wearing part 
(really the whole) of the oil hardening steel. 

The samples whose microstructures are illustrated in Figs, 5 and 6 were 
about 4% to #% inch round. 

We wish to thank Mr. Allen for bringing up these points for discussion. 

E. C. Barn: So long as the question of the nature of the change of re- 
tained austenite into martensite has come up, I will say a few words, although 
this paper did not set out to stress that matter at all. 

First, I should like to, if possible, give a greater stress to what Mr. 
Grossmann has said, in that all of these results are the algebraic sum of two 
or three reactions which go one with increasing drawing temperature, and for 
that reason the slopes of the curves and their intensities must always, for any 
one particular property, be considered in connection with the other changes 
that are going on. The shrinkage caused by the growth of large carbide 
particles proceeds, of course, on and on, as the drawing temperature is raised, 
and the expansion due to the decomposition of austenite and various com- 
positions is simply superimposed upon that. 

Referring to Dr. St. John’s remarks, we did simultaneously hit upon a 
plausible mechanism for the change of austenite to martensite which gave a 

Very easy work for the various atoms to perform in making the necessary 
shift. The result, of course, is a fragmentation, as Dr. St. John has pointed 
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out, of crystalline groups. Personally, I do not understand very wel) 4 
matter of voids. I do believe, of course, that the alpha iron whi iall 
from the decomposition of austenite is in a very badly crystallized 
lacking the perfection of structure that we find in the edifice of a 
annealed crystal, but it is at this time, I believe, too speculative 
express a definite view that there are any considerable voids. However, ¢;, 
very matter of bad crystallinity and inequalities in atomie spacings nal 
perhaps result in this accelerated absorption of gases, or diffusion of gases, 
and that strikes me as a very attractive thing to work on. That might per 
haps give us very valuable additional information on the nature of martensite. 

F. B. Forty: I want to call attention to the curve of Charpy impae 
values, Fig. 4. In that figure the effect of quenching and drawing on th 
toughness of the steel is shown. The highest quenching temperature—j9q) 
degrees Fahr.—followed by drawing at 600 degrees Fahr. gives the highest 
impact value. The value is twice as great as that obtained by quenching 
from 1700 degrees Fahr. and drawing at 600 degrees Fahr. 

This phenomenon has also been observed in carbon steels. In work doy 
in collaboration with Professor Howe several years ago (Trans. A.I.M.M.E. 
Vol. LXIX, 1923, Table 4, p. 766) attention was called to the same 
phenomenon in a carbon 0.52 per cent steel and since then I have obtained 
confirmatory results which will appear shortly. The work shows, as this work ‘| 
of Grossmann and Bain also shows, that the higher the quenching temperatur 
the higher the impact value following subsequent high drawings. I think this pe 
is of great practical importance where high impact values are wanted. There of 
is grave danger in certain steels, particularly in certain shapes, that quenching | 
from temperatures of 1800 or 1900 degrees Fahr. will cause cracking, yet, if la 
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we can find the cause of this increase in impact value, we may be able to take ce 
steps to avoid cracking. If the high temperatures offer better conditions for st 
diffusion, and diffusion is found to be the underlying cause then it may prove ti 
practical to subject steel to the high temperature and then allow it to cool to t] 
a temperature from which it may be quenched without danger of cracking. 

It seems to me that there is an opportunity here for an investigation that E 
may lead to greatly improved shock resisting properties in steel. This increase d 
in impact values is not found in steels drawn at low temperatures following -_ s 


quenching either in this work by Grossmann and Bain nor in the work | am 
referring to. This I have assumed is caused by the retention of certain di- 
rectional characteristics which the martensite and troostite inherit from 
austenite. 

We are frequently cautioned in hardening steel to quench from a tem 
perature which is as near to but above the critical temperature as possible, 
but here are instances where distinct benefit results from considerably ex 
ceeding the critical temperature. This is a point that has been given vely 
little attention and I believe a study of it will bring forth results which wi! 
be of great benefit. 

A. L. Davis: Referring to this last point that the speaker brought out, 
I believe the work published by Mr. Stagg of the Haleomb Steel Company 
shows exactly the same thing for tool steel, small notched bar tests,—a work 
published in 1916 and 1917. 
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DIMENSIONAL CHANGES ACCOMPANYING THE 
PHENOMENA OF TEMPERING AND 
AGING TOOL STEELS’ 


By Howarp Scorr 


Abstract 


The length changes of normally hardened tool steels 
with time at ordinary temperatures are of sufficient mag- 
nitude to produce serious errors in precision gages. The 
causes of these changes and the means for controlling 
them were sought in a study of the dimensional changes 
on tempering. It is shown that contraction with time is 
identified with the initial contraction on tempering and 
expansion with the expansion on tempering which follows 
the initial contraction. This correlation, together with 
an analysis of associated reactions, permits some general- 
izations regarding the control of time changes. 


~ 


l. INTRODUCTION 


TS steel undergoes pronounced dimensional changes on 
quenching, on tempering and on aging at ordinary tem- 
peratures. These changes require consideration in the selection 
of compositions and treatments for many purposes, but particu- 


larly for gages. The dimensional changes with time are of con- 
cern to makers of precision gages, and were investigated at the 
suggestion of the Gage Steel Committee.* While the chief objec- 
tive of this work was to find means of controlling time changes, 
the changes on tempering were also studied in some detail. Tem- 
pering offers the most obvious means for controlling time changes 
and, moreover, reveals the causes of these changes. In fact, no 
distinction could be found between the nature of the clianges et 
ordinary temperatures and those at moderate tempering tempera- 
tures. For this reason it is preferable to study first the effect of 
tempering temperature, with the time of tempering constant, be- 
fore taking up the time effects. 3 ‘eg 

It is well known that steel expands in volume on hardening.) 
i. e., martensite has a greater specific volume than the softer con- 


‘Published by permission of the Director of the National Bureau of Standards of the Uy S. 
Department of Commerce, 

*This committee was formed by a ook of individuals for the pug <2 Ps posi - 
the benefit of manufacturers and users, specifications of gage steels with 7 
and recommended practice for the heat treatment of the steel selected as t suitable for the 


purpose in hand. 
with the Westing- 


The author, Howard Scott, is research metal! 
house Eleetrie and Manufacturing Co., East Pittsburgh, Pa, 
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stituents formed on quenching, as pearlite, sorbite or troosti, 
provided, of course, that the martensite does not contain ay y). 
usually large amount of austenite which has a somewha‘ greate 
density than pearlite. Naturally the steel goes back to its orig, 
nal specific volume, i. e., when in the annealed condition befor 
hardening, on tempering to a sufficiently high temperature, py; 
the changes are not regular and simple. Schulz® (1) hag 
amined in some detail the volume changes on tempering. }) 
using plain carbon steels in such a size that they hardened ey, 

pletely on quenching in water, he found a volume increase y) 

quenching which was greater the higher the carbon content, |) 
the tempering changes, three distinct stages were recognized. 
(a), a shrinkage from the volume, as quenched, to a mininu, 
when tempered to about 150 degrees Cent. (300 degrees Fahr. 

(21% hours), followed by (b), an"@xpansion to a maximum whey 
tempered around 200 degrees Cent. (390 degrees Fahr.) (1, hour 

and then (¢), a contraction to a second minimum for tempering 
at 430 degrees Cent. (805 degrees Fahr.) (14 hour), when the 
specific volume is substantially the same as when annealed, 
Heindlhofer and Wright (2) also have observed similar chanys 
on tempering; they varied, however, the quenching temperature 
and the cooling rate rather than the composition. 

From these two sources we find that the initial contraction 
is greater the higher the carbon content, the higher the quench- 
ing temperature, and the faster the quenching rate. On the other 
hand, the intensity of the following expansion is greater the higher 
the carbon content and the higher the quenching temperature, 
but is not affected notably by the quenching rate. The initial 
contraction is evidently directly determined by the amount 0i 
carbon retained in solid solution. It has been shown by means 
of thermal analysis (3) that the tempering of martensite on re- 
heating is accompanied by a heat evolution which increases in 
intensity with temperature, but is nearly complete at 260 de 
grees Cent. (470 degrees Fahr.) (4% hour). Why both a con 
traction and an expansion occur during the course of this cou- 
tinuous and apparently single reaction is a pertinent question. 

Schulz attributes the expansion to the transformation of 
austenite to martensite. This view has been generally accepted 
and applied to the explanation of secondary hardness in hig) 


*The figures given in parentheses relate to the references given at the end of this paper. 
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chromium steels (4) and high speed steel (5), and also of temper 
brittleness in structural alloy steels (6). The existence of aus- 
‘enite in normally hardened steel both as quenched and as tem- 
pered up to 260 degrees Cent. (470 degrees Fahr.) has been defi- 
nitely established by Heindlhofer and Wright (2) by means of 
X-ray spectrum analysis. 

Benedicks (7) concluded that the presence of austenite at 
ordinary temperatures is due to pressure from internal stresses 
developed on a macro-seale. That pressure is required is un- 
doubtedly true, but the maecro-stresses are certainly not adequate. 
In fact, Mathews (8) has shown that the amount of austenite in 
oil-quenched steels is somewhat greater than in water-quenched 
steels, which is the reverse of what would be required if the pres- 
ence of austenite depended entirely on macro-stresses. The writer 
has shown (9), however, that pressure is developed on a micro- 
scale during the latter part of the hardening transformation, 
Ar”, by the expansion of residual austenite against the enclosing 
martensite matrix. This conclusion naturally follows from Le 
Chatelier’s principle that a system in equilibrium alters in such 
a way as to neutralize, or partly neutralize, any change which 
is forced upon it.* 

With the above conception, a reason for the somewhat abrupt 
expansion following the initial contraction on tempering seems 
clear. Andrew and Honeyman (10) have suggested that the 
transformation of austenite on tempering follows the release of 
pressure by tempering. The pressure restraining the transfor- 
mation of austenite to martensite is, indeed, released by temper- 
ing, but not hefore it has first increased by reason of the initial 
shrinkage of the martensite matrix. Release of the pressure and 
transformation of the austenite cannot occur then until the im- 
posed stresses rise above the elastic limit of the martensite matrix, 
so that the martensite will slip or flow. 

Certain interesting conclusions might be drawn from this 
analysis of the expansion phenomenon. The expansion and con- 
traction components of the volume changes on tempering are evi- 
dently of a distinctly different nature. While the former can 
have no control over the intensity of the latter, it appears to 
control the start of the second stage of tempering by a trigger- 
like action, from which comes its rather abrupt start shown by 


‘LeChatelier, H., Comptes Rendus. 99, p. 786 (1884). 
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Heindlhofer and Wright’s X-ray studies (2). It would foll 
that the initial contraction cannot be the net result of a contny. 
tion greater than observed plus an expansion, but is prod 
by a single reaction confined to the martensite matrix. 

There still remains unconsidered the final contraction whic 
is at least twice as great as the initial contraction. The fina 
contraction is evidently caused by the decomposition of the 9. 
iginal martensite as well as that formed during tempering. 7}; 
appears inconsistent with the results of thermal analysis, }y; 
a careful examination of the heating curves of tempered speci 
mens of hardened carbon steels, Fig. 2 of reference (3), will show 
that it is not. A small heat evolution followed tempering at 27) 
and 300 degrees Cent. (570 degrees Fahr.) (14 hour), and. per. 
haps, 350 degrees Cent. (660 degrees Fahr.), starting in eae) 
ease at a temperature somewhat higher than the tempering tei. 
perature. Why the heat evolution is most intense in the ten. 
perature range of the expansion is, however, unanswered. This 
appears to be due, at least in part, to the transformation of aus 
tenite to martensite. It was shown (3) that an austenitic ste¢ 
produces a much greater heat evolution than a martensitic one. 
Thus the presence of 5 to 10 per cent of austenite in a hardened 
steel can fortify the heat evolution from the decomposition of 
martensite and so produce the sharp peak observed in the ten. 
perature range of the former change. 

The present status of our knowledge of tempering phenomena 
having been considered, it is well to review the available data on 
the time changes in steel at ordinary temperatures. The ques. 
tion of the permanence of hardened steel has come into proni- 
nence only during recent years with the development of preci- 
sion gage blocks and, consequently, has received little notice in 
the literature. Jones (11) has described the methods of manu- 
facture, of measuring and of stabilizing precision gage blocks. 
Brush, Hadfield and Main (12) have shown that a contraction 
occurs with time on aging freshly hardened steel at ordinary tem- 
peratures. A heat evolution accompanies this contraction and is 
proportional to it. Heindlhofer (13) has noted an intensifica- 
tion of a line, attributable to alpha iron, in the X-ray spectrum 
of martensite on aging. All of these effects are the same as those 
which occur on mild tempering for a short time and thus are 
associated with the first stage of tempering. 
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be of considerable value, for 1 would permit an estimation of 
‘he length change occurring in infinite time from the results of 
short time tests. Fraenkel and Heymann (14) have taken an 
important step in this direction by applying the law of mass ac- 
tion to tempering phenomena. They measured the changes in 
electrical resistance produced by tempering at temperatures be- 


tween 80 and 360 degrees Cent. for various times up to 5 months. 


Important and valuable as their results are, the theoretical in- 
terpretation cannot be accepted unreservedly because of the com- 
plicating effects produced by the presence of austenite. Never- 


' theless, it is possible that the mass-law equations can be applied 


to tempering above the peak, the crest in the tempering curve 
produced by expansion following the first stage of contraction. 
In Fig. 1 the peak is at about 250 degrees Cent. (480 degrees 
Fahr.), when the austenite has practically disappeared. So far 
as the initial contraction is concerned, however, such an appli- 
cation of the mass law must be considered as empirical. 

An expansion with time, as well as a contraction, was ob- 
served by Matsushita (15). The expansion, however, was observed 
only in carbon steels not fully hardened and was followed in a 
few days by a contraction. In the present work no such short- 
time expansion was observed, but a treatment was found which 
produces an expansion in fully hardened steels that continues 
for a considerable period. The expansion with time is orrelated 
with the second stage of tempering, just as the contraction is 
correlated with the first. 

In the experimental study of time changes, aging was con- 
ducted at two temperatures, that of boiling water and that of 
room temperature. The first is styled in this paper as ‘‘acceler- 
ated aging,’’ for it was undertaken to determine the signifi- 
cance of an accelerated test. They are treated in separate sec- 
tions, although the phenomena revealed are apparently the same 
and are indistinguishable from those of tempering. 


II. DiIMENSIONAL CHANGES ON T'EMPERING 


Most of the steels used in this work were commercial com- 
positions, Table I. They were supplied in the form of 114-inch 
rounds and machined into cylindrical specimens 1 inch in diame- 
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Fig. 1—Unit Dimensional Changes on Tempering Cylinders (1 Inch Diameter and 4 
(a). Effect Produced Upon the Tempering Curve by a Preliminary Tempering st 
(b). Effect of Time of Tempering at 100 and 150 Degrees Cent. on the Length 
ce) and (d). Effect of Grinding Off a Peripheral Shell %-inch Thick on the 
a inten of Length-changes on Hardening Solid and Hollow Cylinders of 4 
gth and Diameter-changes of a Surface-hardened Steel, 
ie of Unit Length and Diameter Changes of a Fully Hardened Stet!, 
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Syor and 4 inches long, the surfaces of which were finished by 
) .rinding. Shallow peripheral grooves 114 inches from each end 
I were provided for handling by means of wire loops during heat 
‘treatment. For hardening, the specimens were introduced in an 
‘electric muffle at the desired temperature and maintained at that 
‘temperature for 15 minutes after reaching it. Illuminating gas 
) was passed through the furnace to minimize oxidation. In 







Table I 
Compositions of Steels Used 
Percentage of Elements 












B 1.11 0.25 0.21 0.04 0.018 0.017 

BB 1.18 0.26 0.14 0.02 0.018 0.018 ~ 

BC (1.06 )«=—s«O. 24Sté*«CS a 0.014 0.016 

D 1.07 0.88 0.18 0.82 0.012 0.022 

DD 1.17 0.29 0.21 0.61 0.014 0.022 

rE 0.09 0.89 0.01 # 0.01 0.114 0.071 aa 
G 0.16 0.42 0.01 0.05 ie uae silos 0.016 0.024 0.15 
i 0.08 0.81 0.14 0.05 ro a tia cides “aeae o> eee 81.95 
J 0.88 1.12 0.19 40.51 £0.52 °& 02.01 ites 0.011 0.007 oes 
JJ 0.86 1.17 40.21 - 0.61 #&02.41 Pee 0.021 0.010 

u 61.00 6... ee cee ate 0.002 0.015 

MM 1.02 0.28 0.8 1.41 0.015 0.011 

MA 1.68 . Se IE Saacc | -tccc-s0des -eunha. . eeens 

MB 1.01 0.21 0.99 1.46 0.016 0.084 

P 0.11 0.24 0.10 0.59 0.016 0.024 1.24 
§ 1.87 1.06 ° 0.20 ae at 0.012 0.017 

XA 1.10 0.28 0.20 0.44 «4®©1.86 0.16 a 7 aes 

YA 1.17 0.87 41.18 18.0 ae 0.38 Sag? diame. 

S. «61.90 (@:ne... eee OL BOR kkk 320 cen 

72 #1.09 0.80 1.12 «1 


-04 0.389 0.37 0.79 0.014 0.009 











quenching, the specimens were vigorously stirred until cold or 
as otherwise noted. The scale formed on quenching was removed 
by cold pickling before measuring; the specimens lost, on hard- 
ening, about 0.001 inch in length and diameter in the form of 
scale. For tempering, the specimens were heated in oil for tem- 
peratures under 300 degrees Cent. (500 degrees Fahr.) and in a 
mixture of equal parts of sodium and potassium nitrate for above 
300 degrees Cent. (580 degrees Fahr.). The time at the temper- 
ing was 1 hour except where stated otherwise. 

The dimensions of all the specimens were measured before 
and after quenching, as well as after each subsequent treatment. 
Measurements were made on a comparator in a constant tem- 
perature room. The measurements were always made at the 
same points located by punch marks. The length was measured 
at four positions 90 degrees apart. Diameter measurements were 
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made at two marked points 90 degrees apart at the center and 


: unit \¢ 
at two similar points 144 inch from each end. Only { 









































the meay ing al 
of the changes in length and diameter are recorded. ‘Io eliminate the co 
needless ciphers, they are given in thousandths of an inch Der duced 
inch. eorres 
The data obtained on the dimensional changes of hardening steels. 
and tempering are collected in condensed form in Table IT. The gidera 
Table II 
Unit Dimensional Changes, in thousands of an inch per inch, on Quenching 
and on Tempering 1 hour at 180°C, at 500°C, and at the temperature 
of the peak of the Tempering Temperature vs. Length 
Change Curve 

Unit Length Change in. x 10 Unit Dist 
Quenching On Tempered Peak Tempered pa h. Tet 
Spec. No. Temp. °C. Medium Quenching (a) 180° C. Temper 00° C ria) 









B 46 S00 water 


—0.5 —0.6 —0.6 1.4 . 
BB 14 800 water —1.0 —0.7 —0.9 L.A o 
D4 809 water —.7 —0.8 —0.9 9 | ) 
D 24 800 water 0.0 —1.0 —1.0 » 3 
D 20 800 water +2.0 —0.2 +0.3 1.4 
DD7 800 water +0.4 —0.7 —0.8 9 
El 800 water 0.0 er 0) 
Gl 800 water +0.2 er? S260 0. 
J6 780 water +0.9 —0.8 —0.7 
J9 800 oil +1.2 —0.6 —0.3 
J 20 750 oil +1.5 —0.3 —0.1 
J 29 760 oil (100° C.) +1.1 —0.2 0.0 
M 34 790 water +3.1 —0.2 —0.2 1.4 
M 10,12 820 water +2.3 —0.5 —0.4 s 
M 51 850 water +2.9 —0.5 -0.3 1.8 
M 7,9 850 oil +1.4 —0.3 0.0 2.3 
MM 2 820 water +1.1 —0.5 0.0 1.6 
MM 33 820 water +3.4 —0.5 —0.1 1.6 ® 
MM 51 815 water +2.8 —0.6 —0.2 1.9 
MM 54 825 oil +1.4 —0.4 +0.2 , 
MAS2 850 60% glycerine +1.9 —0.5 —0.2 ? 
MA383 850 water +3.2 —0.6 —0.3 y 
MA 8 850 water +3.4 —0.6 —0.4 9 
MA 57 850 oil +1.5 —0.2 0.0 1.1 : 
MB 18 850 oil +1.5 —0.3 0.0 2 
P1 800 water +1.7 ee 0.5 . 
$10 1100 or 0 0—C« si oe —0.5 +3.2 +-1.7 
ss 1100 ee —1.4 —0.8 8.5 0 
XAl 800 water +3.1 —0.4 —0.3 1.6 \ F 
YA7 1000 water +1.8 —0.2 —O0.1 —0.4 09 
YA6 1000 oil +0.4 —0.2 —0.1 0.2 01 
YA8 1000 air +0.4 —0.1 0.0 0.2 
ZA 9, 10 850 “Pad ae > —O0.4 +9.2 8 ; 
ZA 11, 12 850 WORE 6g Gl oe oh —0.6 —0.1 § .2 Ly 
ZE 1 850 water +2.0 —0.5 —0.1 1.7 Li 
ZE 4 850 oil +0.9 od +0.1 1.5 ty 
ZE 5 850 oil (20”) +1.0 +0.1 +0.9 0.1 t- 
ZE 24 900 water +1.9 —0.7 +0.1 1.5 Lg 
ZE 26 950 water +0.5 —1l1.1 —O0.1 1.7 9 
ZE 11 1000 water +0.1 —0.7 +1.1 0.4 1 
ZE 22 850 oil (20”) +1.8 +0.1 +0.9 0.7 








(a) The scale formed on quenching was removed by cold pickling before measurements 
were made. The loss through scaling amounted to about 0.001 inch in length and diameter 
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ynit length and diameter changes on quenching and on temper- 
‘ng at three significant temperatures are given. Reported under 
the columns ‘‘tempered, 180 degrees Cent.,’’ is the shrinkage pro- 
duced by tempering the first minimum, which has been found to 
correspond to approximately 180 degrees Cent. for low alloy 
steels. The temperature of this minimum point may be con- 
siderably higher in the high alloy steels, such as composition YA. 


Table IT—(Continued) 


Net Change, in. x 10%. 
Tempered 180° C, 


Unit Diameter Change in. x 103 Per Cent 
On Volume Change 
ench- Tempered Peak Tempered On Tempered Unit Unit 

a) 180°C. Temper 600°C. Quenching 500° C. Length Diameter 


: 0.2 +0.% —0.8 +0.21 —0. —jl, 
0.5 +0. 5 —() . 9 anal. 
L0.2 +0. ml. “99 ee 
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| fa) The scale formed on quenching was removed by cold pickling before measurements were made, 
© ‘oss through scaling amounted to about 0.001 inch in length and diameter. 
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The columns headed ‘‘peak temper’’ give the change from 4, 
dimensions as quenched to those as tempered to the maxim, 
length (second stage), following the initial contraction (A, 
stage), usually obtained in low alloy steels on tempering a} » 


| 
- 


Hum 


degrees Cent. (470 degrees Fahr.). After tempering to 509 4, 

grees Cent. (930 degrees Fahr.) the specific volume has return ; x" 

to, or very close to, its original value, but the unit length an BS L 
° . . ° B 42 

diameter do not necessarily return to their original values. ¢ 





ITSt 


because of oxidation loss on quenching, and second, because the ‘ 
unit length and diameter changes on hardening are seldom {hp ; 8° 
same. The surface-hardening steels, B and D (Table I), wo . 
found generally to shrink in length and increase in diameter oy We 
quenching, and the deep-hardening steels, M, J and Z, to oe. | 
pand more in length than in diameter, provided the quenching 1 
temperature was low. If the quenching temperature was hic), 
a larger unit diameter change than unit length change was 0}. 
tained with them. 

The volume changes on quenching and on tempering at 500 
degrees Cent. (930 degrees Fahr.) were computed from the ( 
mensional changes and are given in Table II. These give the | 
volume change independent of the directional effect. The ox; , 
dation produced during quenching accounts for the lower values © 
reported in the ‘‘on quenching’’ column. In a few cases the < 
density was measured before and after quenching. The values £ 
of the density and specific volume for three compositions are 5 
given in Table III. From these and the dimensional changes, : 
values of the density and of the specific volume as tempered may ‘ 


be estimated, provided a correction is made for the oxidation loss. 

Most of the complete tempering curves from which the tabu- 
lated data were taken are plotted in Figs. 1 and 2. The curves 
are for the unit length change only, except in the case of Fig. | 
(f and g), where both the unit length and diameter change of 3 
surface-hardened and a fully hardened steel are plotted. These 
eurves show that the unit length and diameter changes ou temper 
ing are quite different in the case of the surface-hardened }} 
steel, Fig. 1 (f), but are much the same for the completely hard- 
ened M steel, Fig. 1 (g). Thus the length change may be taken 
as proportional to the volume change on tempering for the fully 
hardened steels, although this is not true for the changes 
hardening. 
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: Fig. 2—Unit Length-changes on Tempering Cylinders of Various Steels Quenched as 
ndicated. 
(a). High Carbon Steel Quenched in Water from 1100 Degrees Cent. (See Upper 
Scale for Cooling Below 25 Degrees Cent.) See 
(b). Effect of Quenching Temperatures on a Fully Hardened Steel, M Composition. 
(c). Effect of Quenching Media which Give Full Hardening. 
(d). Carburized Steels of Three Compositions, Quenched in Water from 800 Degrees 
Cent 
_ (e). Water-quenched Steels. BB and DD are Hardened on the Surface Only, but 
XA is More Fully Hardened. 
(f). Effect of Quenching Medium and Interrupted Quenching on the ZE Composition. 


1 (g). Effect of Cooling Rate in Quenching on a High Chromium Steel, YA Compo- 
81tlon, 
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To show that the difference between the length and 
change curves of the surface-hardened steels was due to physic, 
effects and not to the chemical composition of the steel, a eyjjp, 
der, drilled out to 1% inch inside diameter, was hardened and toy. 
pered. The results are plotted in Fig. 1 (e). The points on the 
25 degrees vertical give the length prior to hardening with respect 


Llameter 


to that as quenched. In this case the length-change curve y. 
similar to those of the fully hardened steels, except that the peai 


was more pronounced. The essential difference between the golig 
and the hollow cylinder is that the former has hardened only oy 
the surface to a depth of something over 4% inch, while the la. 
ter has hardened completely. The surface-hardened steels ay. 
under very high compression at the surface, chiefly because of 
the greater specific volume of the martensite shell compared with 
the soft core. That the peak is greater in the hollow cylinder 
than in the solid is, however, not necessarily evidence of the pres. 
ence of more austenite. 

It might be questioned whether or not the interior of a fully 
hardened steel cylinder tempers in the same manner as the sur. 
face does. Accordingly, tempering curves were taken of the 
14-inch diameter cores of two l-inch diameter cylinders which 
had been ground down in the course of some stress tests made in 
a related investigation. The tempering curves of the cores and 
of the full-sized specimens identically hardened re given in 
Figs. 1 (ec and d). In both cases the initial contraction was less 
and the following expansion slightly greater for the core than for 
the solid cylinder. Beyond the peak the curves are practically 
parallel. 

An important question in regard to tempering is, whether or 
not the effects connected with time and temperature are strictly 
equivalent. Athough this question cannot be answered on ile 
basis of the present work, it can be shown that the characteristic 
form of the expansion curve is unaffected by a long time temper- 
ing at 100 degrees Cent. Fig. 1 (a) gives the tempering curves 
of two specimens, one of which was tempered 1 week at 100 de- 
grees Cent. and the other untempered before taking the tempering 
curve. It would appear from these curves that 1 week at 1 
degrees Cent. produces the same contraction as 1 hour at 11) 
degrees Cent. (340 degrees Fahr.) and that the following peaks, 
due to expansion, are practically identical. 
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If the effects of time and of temperature are strictly equiva- 
lent, any combination which will give the desired degree of tem- 
pering might be used in practice. Fig. 1 (b) gives the length 
change With time of tempering at 100 degrees Cent. and 150 de- 
orees Cent., from which various combinations of time and tem- 
perature civing the same degree of tempering may be taken. The 
time adopted should, however, be sufficiently long to insure re- 
producibility. The same variation in the total time at the tem- 
perature chosen has a greater effect the shorter the time. For a 
siven time of immersion in the tempering bath, the variations are 
venerally caused by differences between the temperature lag on 
heating and that on cooling. For heating in hot oil and cooling 
in air, the heating and cooling rates are nearly the same, so the 
above source of error is, in that case, practically negligible with 
a period of 1 hour or more. 

The most striking feature of the tempering curves is the 
peak. As already shown, the expansion producing it is due to 
the transformation of austenite to martensite. Further evidence 
of this is given in Fig. 2 (a), in which case the effect is exag- 
verated by using a steel of high carbon-content quenched from 
a high temperature. This steel, as quenched, is largely aus- 
tenitic and has a specific volume less by 0.5 per cent than that 
in the ‘‘as annealed’’ condition. Cooling to liquid air temper- 
atures (upper temperature scale of Fig. 2 (a)) produces a marked 
increase in volume, about 1.6 per cent—Table III. The temper- 
ing curve of the ‘‘as quenched’’ specimen shows a peak of about 
the same intensity as the expansion produced by cooling in liquid 
air. The peak on tempering after immersion in liquid air is very 
much reduced, but still quite evident. Both specimens shrank 
markedly before the expansion, but the one cooled in liquid air 
contracted much more than the other. These curves show, also, that 
the temperature at which the expansion starts is not influenced 
by the ratio of austenite to martensite and that the intensity of 


the expansion is roughly proportional to the amount of austenite 
present. 


It is now of interest to note the effect of quenching tempera- 
ture and of rate of cooling on the tempering curves. Increasing 
the quenching temperature increases the intensity of the peak, 
at least so long as there is any excess carbide present, and in- 
creases the initial contraction—Fig. 2 (b). On the other hand, 
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decreasing the cooling rate from that of water quenchi: 
of oil quenching increases slightly the intensity of the 
reduces the initial contraction, Fig. 2 (ec and f). That 
is a real one can be shown by retarding further the eoo); 
through the hardening transformation. 

Slower cooling with full hardening was obtained with 4 
ZE composition by quenching in oil for 20 seconds and then ¢qq. 


to tha 


Table IIL 
Density and Specific Volume of Several Steels Before and After Hardeniy, 














Composition 
Symbol Heat ‘Treatment Density Sp 
(Table 1) 





g/em* 








M Annealed 


7.806 0.12810 | 
M 800° C to water 7.766 12877 us 
M 840° C to oil at 140° C, then to water 7.764 12879 Ar 
M 840° C to oil at 140° C, then to air 7.777 12858 7 
J Annealed 7.849 12740 ~ 
J 780° C to water 7.795 [2828 
J 800° C to oil 7.805 12812 
Ss Annealed 7.805 12815 
Ss 1100° C to water 7.841 12754 mi 
S 1100° C to water, then to liquid air 7.714 L296; +] 
. . . . . “ . . . . ’ pl 
ing in ailr—lig. 2 (f). With this treatment the intensity of the r 
peak was materially increased beyond that of continuous quenel i 
ing in oil or water. The obvious conclusion from this experimen r 
that more austenite is retained with the slower cooling than witt 
the faster, might be questioned were it not that the same phenom \ 
enon has been observed by Mathews (8). It was confirmed, fu h 


ther, by a repetition of the experiment and by X-ray examinatio: 
of specimens given the same treatments. 

Besides showing stronger austenite lines for the specie 
given the retarded oil quench than for the one given the continu 
ous water quench, the X-ray diffraction pattern also confirmed 
another deduction from the tempering curves. The failure 0! 
the specimen given the retarded quench to shrink appreciably on 
tempering before the peak indicates that the martensite formed 
during Ar” tempered as it formed; evidence of this has previous 
ly been given (15). Consequently, the ferrite lines of the X-ra) 
diffraction pattern should be sharper than when untempered mar 
tensite is present, and were so found. 

No explanation for the presence of more austenite followinz 
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sooling than fast was offered by Mathews. One follows 
aati however, from the explanation offered by the writer (9) 
, is presence of austenite in low alloy steels as quenched, 
comely, that pressure is required to retain austenite at ordinary 
aperatures when the ecarbon- or alloy-content alone is insuffi- 
1+ to do so. | With slow cooling the martensite tempers as it 
-yrovided Ar” is sufficiently high, and so reduces the speci 
voluaiia of the network enclosing the austenite. Consequently. 
ho transformation of austenite to martensite cannot progress -so 
‘ay as When untempered martensite is formed before sufficient 
nressure is developed to lower it. Therefore, the amount of aus- 
tenite retained should be greater the less the contraction in the 
+ stave of tempering as observed. Accordingly, the amount 
of austenite will be a minimum when the martensite formed at 
\y’ has not tempered during cooling and a maximum when it 
has been completely decomposed. 
Pressure probably has an important effect on the tempering 
‘ martensite as well as on the transformation of austenite to 
martensite. In facet, the assumption that it does is the basis for 
the only obvious explanation of the sharp initial contraction. This 
phenomenon does not appear unusual until it is recalled that 
the total shrinkage is not more than 14 complete at the first mini- 
mum. A eonsiderable amount of the original martensite must 
then remain undeecomposed above the peak. That martensite ex- 
sts without marked decomposition above the peak can hardly 
he questioned, otherwise there would be no peak, since austenite 
has a greater density than the end product. Neglecting the ex- 
pansion, we might then expect the initial shrinkage to be con- 
tinuous with the final and to proceed at a gradually increasing 
rate to near the final minimum. As a matter of fact, the mar- 
tensite matrix shrinks at a rapidly increasing rate to near the 
end of the first stage of tempering, then at a slow rate in the sec- 
ond, and again at a fast rate in the third. This is evident from 
the difference between the curve for the water-quenched speci- 
men and that for the specimen given the retarded quench—Fig. 2 
'). The same thing is exhibited by the change in electrical re- 
sistance with tempering temperature as measured by Fraenkel 
and Heymann (14). Sinee convineing evidence as to the ex- 
istence of two distinet forms of martensite is lacking, it may 
be assumed that either the initial contraction is hastened or the 






















































































































































292 TRANSACTIONS OF THE A. S. S. T. February 
final contraction retarded by some cause. The forme; 
the more probable, for the reaction during the first stage oeey. 
in the presence of austenite, which is not present in the thin 
stage. At least a plausible explanation can be offered on th, 
assumption that the first stage is accelerated by the presence o) 
austenite. | 


tTeet 
| 


Martensite decomposes with decrease of volume so it will » 
act to pressure—it is the reverse of austenite in that compresgioy 
will favor its transformation. But as this reaction is not sensi)) 
reversible at the temperatures in question, negative pressure vil 
have no effect on its progress. Thus, if any untempered ma, 
tensite is under pressure, as is probable in the immediate vicinjt 
of the austenite globules, its decomposition should proceed mors 
rapidly than that of the martensite unstressed or under tension,| 
stress. 

The tempering curves showing the effect of quenching ter, 
perature, Fig. 2 (b), offer some evidence of the above conditioy 
‘Quenched from 790 degrees Cent. (1455 degrees Fahr.), the } 
composition showed less than half the initial contraction of spe’ 
mens quenched from 820 or 850 degrees Cent. (1500-1560 degrees 
Fahr.). With the low quenching temperature the amount of au 
tenite retained is much less than with the high, so the micro 
stresses must be lower. The smaller initial shrinkage associate( 
with reduced austenite content cannot be attributed to transient 
tempering, for the cooling rate is as fast in one case as in the 
other, nor to differences in the amount of carbon retained in solid 
solution, since the total shrinkage is nearly as great for the |!ov 
quenching temperature as for the high. Thus, in the limiting 
ease of a martensitic steel produced entirely free from austenite 
without tempering, shrinkage should occur continuously and t 
an increasing rate with tempering temperature and without re 
tardation in the temperature range of the peak. 

Although the above condition is approximated with a |o\ 
quenching temperature, its production without prior tempering 
does not appear to be feasible. However, the same condition prob: 
ably exists at the surface of all normally hardened tool steels 
At the surface there is no force normal to the surface as would 
be required to restrain the transformation of the austenite or 
iginally present there. The metal at the original surface or ® 
any surface exposed after hardening is, therefore, probably pu” 
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martensite. Relief patterns produced by Rawdon and Epstein 
14) at the surface following immersion in liquid air may be 
attributed to the transformation of austenite underlying the sur. 
‘ace. This transformation does not appear, however, to be gen- 
oral throughout the steel, for the writer has been unable to obtain 
any appreciable increment in volume by cooling in liquid air 
tool steels in the quenched condition. It should be appreciated 
that this view suggests the conclusion that the true structure of 
‘he interior of martensitic tool steel cannot be revealed to direvi 
visual observation. 

While this matter is highly speculative at the present time, 
‘tis susceptible to experimental attack. Hardened steel will cer. 
tainly temper differentially when heated uniformly while under 
elastic strain. This is the basis for the practice of straightening 
hardened tool steel bars. It remains to be seen, however, whether 
the movement is in the direction required to give the effects noted. 
Enlightenment on these matters is essential to a complete solution 
of the problem of time changes. 


Ill. Leneta CHANGES witH TimE aT 100 DerGrees CENT. 


The changes with time at a moderate tempering temperature 
are of some interest for the prospects they offer of an accelerated 
time change test as well as for further light on the phenomena 
of tempering. The temperature used, 100 degrees Cent., is a 
very convenient one, for it can be maintained indefinitely within 
a degree or two through heating by means of boiling water. The 
specimens were immersed in a can of oil which, in turn, was 
placed in water kept at boiling temperature. A Mariotte flask 
was used for replenishing the water lost by evaporization. 

In Fig. 3 the unit length changes of the standard specimens 
trom the length as quenched are plotted against the time at 100 
degrees Cent. The same steels and treatments were used as for 
the tempering curves of Fig. 2. All of the steels quenched con- 
tinuously show a shrinkage, very rapid for the first few days 
ind small or within the experimental error thereafter. The length 
change in one month is very close to that at the first minimum 
of the tempering curves in nearly all cases and, therefore, cor- 
responds to tempering at about 180 degrees Cent. for 1 hour. 
Thus the total shrinkage on aging at 100 degrees Cent. for one 
month is predictable from the tempering curves. 
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Febr lary 
The aging curves do not show whether or not the enguino 
expansion will start at 100 degrees Cent., as it did at 150 degns, 


Cent., in about 10 hours, Fig. 1 (b). None of the specimens ava) 
in the quenched condition were carried for a sufficiently |p), 
time to answer that question. However, an expansion with tip, 
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Fig. 3—Unit Length-changes from the Length as Quenched, Produced by Aging 
Quenched Steels at 100 Degrees Cent. 

(a). Effect of Quenching Media which Give Full Hardening. 

_(b). Effect of Cooling Rate in Quenching on a High Chromium Steel, YA (Co 

position. 


(c). Effect of Interrupted and Continuous Quenching on the ZE Composition 
(d). Water-quenched Steels. BB and DD are Hardened on the Surface Only, Whil 
XA is More Fully Hardened. 


(e). Carburized Steels of Three Compositions. 


did occur in a specimen given an interrupted quench—Fig. 3 (¢). 
If expansion will occur with time in a specimen so treated, it 
may also be expected to occur in a specimen continuously 
quenched and tempered to the start of the expansion. 

Fig. 4 shows the effect of tempering on the length changes 
with time at 100 degrees Cent. The specimens quenched in water 
and tempered at several temperatures below the minimum, Ft 
4 (a), continued to shrink to the minimum. The specimens tem- 
pered after an interrupted quench expanded with time, Fig. ! 
(b) and (d). The austenitic specimen, Fig. 4 (¢), expanded also 
after tempering at 200 degrees Cent., or beyond the first stage 
of tempering. However, in no case was the expansion following 
continuous quenching and tempering commensurate with thi 
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Hollowing interrupted quenching. The matrix produced by inter- 
rupted quenching is, therefore, constitutionally different froza 
that produced by a continuous water-quench plus tempering. 









'v. LenatH CHANGES ON AGING AT ORDINARY TEMPERATURES 


The length-change data presented here were taken merely 
}as a preliminary survey of the field. The accuracy of the meas- 



















Table IV 


Treatments Given 4-Inch Gage Blocks of MA and BC Compositions 
(Table I) for Precision Time Change Measurements 






























Steel Quenching Quenching Tempering Temp. 
Temp. Medium (1 hour) 
DegreesCent. Degrees Cent. 
MA 780 Water 150 (a) 
MA 850 Water 150 (a) 
MA 850 Water 180 (a) ~ : 
MA 850 Water 230 (b) 
MA 850 Water 300 (b) 
MA 850 Water 180 (c) 
MA 850 Oil for 60 seconds, 180 (b) 
then to air 
BC 800 Water 150 (a) 
(a) 4 specimens prepared, two to be aged at room temperature and the other two at 
100 degrees Cent. 


(b) 2 specimens prepared for aging at room temperature. 
(c) After tempering, the 2 specimens were given a cyclic treatment of cooling in brine 
ind heating to 150 degrees Cent. ten times preparatory to aging at room temperature. 








urements with the machine used was no greater than 0.00012 
inch, and so the method was suitable only for measuring the 
changes in untempered specimens. However, the results serve 
the purpose intended, namely: the identification of the source 
of the time changes. Approximate treatments based on these re- . 
sults and on the tempering curves have been selected for blocks 
to be measured by optical methods, and are noted in Table IV. 
The results of these measurements will not be available for some time. 

Peters and Boyd (17) have given data on the changes with 
time of precision gage blocks measured by the interference method ! 
with an accuracy of a few millionths of an inch. Although the 
treatments of the blocks are unknown, the results are of consid- 
erable interest. The unit changes with time of several of their 
blocks are plotted in Fig. 5 (a). These curves show a signifi- 
cant fact, namely, that gages given a hardening treatment which 
‘s presumably normal may either shrink or expand with time. 
One immediately associates the shrinkakge with the first stage 
of tempering and the expansion with the second stage, and this 
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correlation is supported by the observations on spe 
known compositions and treatments. 

The cylinders as continuously quenched all contracted wit] 
time, the contraction being greater the higher the quenching ties 
perature and greater for water quenching than for oil. Fie 3 
(b, e, d, and e). Thus the time changes are approximately | 
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Fig. 4-——-Unit Length-changes from the Length as Tempered, Produced by Aging 
Hardened Steels at 100 Degrees Cent. 

(a). Effect of Tempering Temperature on a Water-Quenched Chromium Steel, MM 
Composition. 

(b). Effect of Interrupted Quenching on the Same Steel. 

(c). Effect of Tempering Temperature on a Water-Quenched Carbon Too! Steel, § 
Composition. 

(d). Effect of Interrupted Quenching on the MA Composition. 


portional to the initial contraction on tempering. The shrinkage 
in 6 months is about the same as that on tempering 1 hour 
100 degrees Cent., except that for a low quenching temperature 
it corresponds to a lower tempering temperature than 100 degrees 
Cent., and for a high quenching temperature to a higher tem 
pering temperature. 

The above observation is quite significant, for it indicates 
that the rate of the change is greater the higher the austenite 
content. This is in accordance with the conclusion drawn from 
the tempering curves that the rate of tempering in the first stage 
is advanced by the presence of austenite. To reduce to a min 
mum the contraction with time, it is, therefore, necessary to Us 
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Fig. 5—Unit Length-changes with Time at Ordinary Temperatures. 

a), ae Gage Blocks of Unknown Treatment; Length Measured by Inter 
ference Method, 

. a Surface-hardened Steel, B Composition, as Quenched and as Tempered at 150 
egrees Cent. 

(c). Comparison of Surface-hardened Steel (Solid Cylinder—Both in the Untem- 
pered and in the Tempered at 100 Degrees Cent. States) and of Fully Hardened Steel 
(Hollow Clinder), D Composition. 

(qd). Effect of Quenching Temperature on a Chromium Steel, MV Composition 
* Unanalyzed Stock of the M Type Composition.) 

Comparison of Oil- and Water-quenching a Chromium Steel, M Composition. 
Effect of Rate of Cooling Through the Hardening Transformation, Ar”, in a 


(M\ 


(f) 


Chromium Steel, M Composition. 


OB? Carbon Tool Steel as Water-quenched and as Cooled on Ice After Quenching. 
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Througt 


Effect of Subsequent Treatments on the M Composition Steel Cooled Slowly 
the Hardening Transformation, Ar”. 
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either a low quenching temperature, in which case the : mpering 
temperature need not be high, or a tempering near the (irst yj); 
mum where a high quenching temperature is used. It does no} folloy 
however, that tempering to the minimum will entirel, inhibi 
expansion when a high quenching temperature is used 

Expansion with time was observed only when the specimoy 
were cooled slowly through the hardening transformation, ejt)o. 
by quenching in hot oil and cooling thereafter in air, Fig 5 ; 
or by quenching in cold oil for a limited time, followed by si 
cooling, Fig. 5 (h), both of which treatments give sloy cocling 
through the hardening transformation. This expansion does - 
react to moderate tempering as does the initial contraction, |; 
is largely complete in one to two months at room temperatuy 
as well as at 100 degrees Cent. No expansion approaching tha 
conferred by the interrupted quench was obtained by water. 
quenching plus tempering in the accelerated aging experiments 
[It appears therefrom that the expansion depends to a great ey. 
tent, if not entirely, on the quenching. The expansion can, o 
course, be eliminated by tempering to the peak, but the hardnes 
loss is prohibitive, so its control is limited to the quenching unles 
some means of removing austenite without tempering beyond the 
minimum can be devised. 

Peters and Boyd (17) found that some of their gage blocks 
expanded with time. It is improbable that these blocks were 
given an interrupted quench; more likely they were quenched 
in oil and they possibly were not thoroughly stirred during the 
quenching operation. It is quite possible that such treatment plus 
tempering will produce some expansion with time, for it is not 
far removed from the treatment which produces a marked ex- 
pansion. On this account oil-quenching is not desirable when 
maximum permanence is required. 

Although water-quenching gives maximum contraction on 
aging steel in the ‘‘as-quenched’’ condition, it is not antagonistic 
to permanence, for the contraction can immediately be consun- 
mated by moderate tempering. The important question 1s 
whether or not expansion can occur with time in water-quenched 
steel after it has been tempered sufficiently to inhibit further 
contraction. Certainly no large expansion will then occur, other: 
wise it would have been revealed by the accelerated aging tests 


It is, nevertheless, possible that an expansion not readily de 
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tectible by mechanical measuring methods will still occur. Such 
expansion. would not be tolerated in precision gage blocks. Let 
ys assume for the moment that this phenomenon exists and then 
sopsider possible methods for its control. 

The expansion with time, produced by the transformation of 
austenite, might be avoided either by preventing the formation 
of austenite or by transforming the austenite to martensite be- 
fore aging. The first possibility may practically be realized by 
the use of a very low quenching temperature. This, however, 
puts an undesirable restriction on the heat treating practice 
which could be avoided were a means available for transforming 
residual austenite to martensite without tempering beyond the 
minimum. An analysis of the pressure relations in hardened 
steel, made in another and related investigation, indicates a pos- 
sible method of accomplishing the above object. 

If tool steel quenched from a high temperature and tem- 
pered to the first minimum be cooled below ordinary tempera- 
tures, a small portion of the residual austenite should be trans- 
formed, for the austenite bas a higher coefficient of expansion 
than the martensite matrix. On reheating to ordinary tempera- 
tures the stress on the matrix is increased, and, if it is increased 
sufficiently, some plastic deformation will occur. Thus, on repeat- 
ing this operation another small portion of austenite can be trans- 
formed. Evidently the amount transformed can be increased 
by extending the temperature cycle above room temperature. 
Therefore a large number of temperature cycles over an adequate 
temperature range to produce plastic deformation should trans- 
form residual austenite in properly tempered tool steel. No spe- 
‘ifie evidence is available which shows that this treatment is effec- 
tive, nevertheless it is used in practice (11). 

It may still be questioned that a purely martensitic steel, 
l. @, One containing no austenite, will not shrink with time at 
ordinary temperatures. Fraenkel and Heymann (14) claim, in 
effect, that the decomposition of martensite will go to completion, 
as represented by tempering for one hour at a temperature be- 
tween 400 and 500 degrees Cent. (750-930 degrees Fahr.), on 
aging at ordinary temperatures. This cannot be denied on the 
basis of available evidence, but it is certain that the rate of reac- 
lion is extremely slow, for some precision gage blocks show excel- 
lent permanence over a period of many years. The above ques- 
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Fig. 6—Relation of the Tempering Temperature to the Rockwell Hardness (Diamon 
Cone) of Various Steels and Treatments U 


(a). Effect of Quenching Medium on MM Composition (Right Hand Scale) and 
JJ Composition (Left Hand Scale). 
(b). Effect of Quenching Temperature on MM Composition. 
¢53 Comparison of Water-quenched Steels Having Low Alloy Content. 
Comparison of Quenched High Alloy Content Steels (ZA and YA Composition 
with a 5 Alloy Content Steel (MM Composition). 


tion is, therefore, an academic rather than a _ practical on 


The present report justifies no specific recommendations 
to compositions and treatments for precision gages, but a not 
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‘ion of the significant indications of the experimental results may 
not be inappropriate. The avoidance of contraction with time 
imposes No restrictions on the composition or treatment other 
‘han tempering to the first minimum. Of course a very small 
ontraction can be obtained without tempering, but at a sacrifice 
of hardness. As high hardness is considered essential in gages, 
the Rockwell hardness of the several steels was measured for 
various quenching temperatures and treatments, both as quenched 
and as tempered. The results are plotted against tempering tem- 
perature in Fig. 6. If file hardness is demanded, the choice of 
omposition is limited to earbon or low alloy-content steels. The 
tempering temperature required to stop contraction in carbon 
eels is probably compatible with file hardness. 

The situation as regards expansion with time is distinctly 
different. In the ease of carbon steels, or of any steel quenched 
in water, it need occasion no concern except, possibly, where the 
highest permanence is required, as in precision gage blocks. 
When constaney to better than a hundred-thousandth of an inch 
per inch is required, water quenching should be used, followed 
by tempering to the first minimum, but it cannot be stated that 
this treatment is adequate to prevent expansion. If not, a sup- 
plementary and appropriate cyclic heat treatment may suftice. 
Expansion should be anticipated in oil-quenched steels; oil 


quenching should be avoided if a moderate expansion cannot be 
tolerated. 


V. SUMMARY 


1. Previous determinations of the volume changes on hard- 
ening have shown that all steels increase in specific volume on 
quenching, provided that the amount of austenite retained is not 
exceptionally high. The work cn cylinders, 1 inch in diameter 
and 4 inches long, of various tool steel compositions reported in 
this paper, has confirmed those observations. It has also shown 
by length and diameter measurements that the volume change 
is mostly in diameter with surface hardened steels which may 
even shrink in length. With full hardening steels, the volume 
change is mostly in length when the quenching temperature is 
low, but if it is high, the unit diameter change is greater than 
the unit length change. In tempering, the unit changes in 
fully hardened steels are practically the same in length as in 
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diameter; this is not the case for surface-hardened 
which change more in length than in diameter. 

2. Three stages of volume changes on tempering low a4jj, 
content tool steels have previously been recognized. * First, 4 ¢ 
traction which reaches a minimum on tempering 1 ho) 
tween 150 and 200 degrees Cent. (300 and 390 degrees Fahy 
second, an expansion to a maximum at about 260 degrees (\q 
(470 degrees Fahr.); and third, a contraction to a minimum - 
a temperature between 400 and 500 degrees Cent. (750 and 9 
degrees Fahr.), at which minimum the density of the steel | 
returned to that in the annealed condition. The final cont: 
is at least twice as great as the initial one, and appears 
simply a continuation of the first. It has been shown that 
contraction is caused by the decomposition of martensite and | 
expansion to the transformation of austenite to martensite. 

3. The presence of austenite within the martensitic mati 


ul \ 


of normally hardened tool steels appears to he due to the pres 


\ Linders 


ure developed when austenite transforms against a surrounding 
martensite network during the latter part of the hardening trans 
formation. The pressure increases, in tempering, with the shrink 


age of the martensite matrix in the first stage of tempering. This 
apparently accounts for the somewhat abrupt start of the fo! 
lowing expansion (second stage). The pressure relations exis' 
ing during the first stage of tempering appear. also, to accelerat 
the decomposition of martensite. 

4. From the dimensional changes on tempering, it was 0! 
served that the initial contraction (first stage) is greater witli 
water-quenching than with oil-quenching and with a high quench 
ing temperature than with a low, while the final contraction (third 
stage) was little affected by these variables. The expansion in 
the second stage was greater, the higher the quenching tempera- 
ture so long as an excess of carbide was present, but was slightly 
lower for water-quenching than for oil-quenching. The initial 
contraction was practically eliminated and the expansion further 
intensified by interrupting the oil-quench and cooling through 
the hardening transformation im air. 


5. The implication of the above observations, that more 
austenite is retained by slow cooling through the hardening trans- 
formation than by fast, was confirmed by X-ray spectrum analy- 


sis. The apparent cause of this phenomenon is the developmen' 
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» »»essure sufficient to retard the transformation at an earlier 
| “ with slow cooling than with fast because of the shrinkage 

¢ the martensite matrix produced by transient tempering on 
sJow cooling through Ar”. 

6. Time changes were measured for aging at 100 degrees 
Cont. and at ordinary temperatures. All steels continuously 
qvenched and untempered contracted with time; the rate of con- 
raction was much greater when aged at 100 degrees Cent. than 
at ordinary temperatures. After 6 months at ordinary tempera- 
tures the contraction was about the same as after 1 hour at 100 
decrees Cent. Specimens cooled in air through the hardening 
transformation expanded with time, but not definitely faster at 
100 degrees Cent. than at ordinary temperatures. It is possible 
that continuously quenched steel will expand with time also if it 
be tempered to the start of the expansion. : 

7. The magnitude of the initial contraction is no criterion 
of the permanence of hardened tool steel, for it can be consum- 
mated by tempering to the first minimum. The chief problem 
of constancy is to avoid expansion, which is not a large effect in 
water-quenched steels, but may reach considerable magnitude with 
oil-quenching, certainly so, if the cooling be retarded during the 
hardening transformation. |There are grounds for the belief that 
the expansion, caused by the transformation of austenite, can be 
completed by repeated heating and cooling through an appropri- 
ate temperature eyele. ) Lacking the accelerating effect of aus- 
tenite, the rate of decomposition of martensite and of the atten- 
dant contraction is extremely small at ordinary temperatures and 
probably negligible for all practical purposes. 

The dimensional measurements recorded here were made by 
the gage section of the Bureau of Standards under the direction 
of D. R. Miller, the density measurements by the volumetric sec- 
tion under the direction of E. L. Peffer, and the chemical analyses 
hy the Chemistry Division under the direction of H. A. Bright. 
F. Sillers of the metallurgical division made the X-ray spectrum 
studies mentioned. The Crucible Steel Company, the Carpenter 
Steel Company, the Haleomb Steel Company, and the Ludlum 
Steel Company furnished the steels used and the Brown and 
Sharpe Manufacturing Company machined the specimens from 
them. S. S. Kingsbury assisted in the heat treatment work, and 
K. C. Groesbeck in preparing the paper for publication. 
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THE MANUFACTURE OF IRON AND STEEL—PART III 
By F. T. Sisco 


Abstract 


























The present installment describes the manufacture 
of iron and steel castings. It touches briefly on the 
method of preparing the mold and describes the various 
kinds of molds and their uses. Iron for castings ts - 
melted in a cupola using coke as a fuel. The various 
steel-making processes are descroded im so far as they 
are used for the production of steel for castings, and 
their vartlous advantages and disadvantages are taken 
up in detail. The last phase of the manufacture of tron 
and steel castings consists of preparing the casting for 
shipment and includes digging out, cleaning, heat treat- 
ment and inspection. 





POUNDING, or the manufacture of castings, consists of melt- 

ing iron or steel and pouring the molten metal into a cavity 
in a sand or metal mold; this cavity being the shape and size 
of the finished piece. Foundry practice may be readily discussed 
under three heads: (1) preparing the mold; (2) melting and 
pouring the metal; and (3) preparing the castings for ship- 
ment. Founding is a very old art; and is one in which mechani- 
cal or machine methods have not supplanted hand work as 
largely as in other branches of the iron and steel industry. From 
the standpoint of the metallurgist the processes involved in melt- 
ing and pouring are the most interesting. Equally important, 
however, in the production of a quality product, is the prepara- 
tion of the mold; and to a lesser extent the preparation of the 
castings for shipment. 


The author, F. T. Sisco, is metallurgist, Air Service, War Department, 
MeCook Field, Dayton, Ohio. 
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Foundries may be divided into three general elas: | 
ing to their product: (1) the tonnage foundry; (2) the job) c : of t! 
foundry and (3) the specialty foundry. The first clas include: S ma) 
those shops that are equipped to turn out a large tonnage of | 
few shapes and sizes. Foundries producing railway castinos 
examples of this class. The jobbing foundry undertakes to pro. 
duce castings of practically any size, shape and quantity. [jp 
product may range from a fraction of a pound to a ton or mare 
in weight and the quantity varies from a single piece to thoy. 
sands. A comparatively few foundries, known as specialt) shops, 
by means of some specialized method of casting, or by som 
special alloy iron or alloy steel, produce castings with distine 
and characteristic properties. Between the three classes of foup. 
dries there is no sharp distinction possible. Frequently the job. 
bing foundry is also a specialty shop, and the tonnage foundry 
often undertakes jobbing work. 


ale 


PREPARING THE MOoLp 


There are three types of sand molds used in the production 
of iron and steel castings: (1) green sand molds; (2) dry sand 
molds; and (3) loam molds. Preparing the mold consists of 
ramming sand around a wood or metal pattern, which is the shape 
and the size (allowing for shrinkage) of the finished casting. 





Patterns are usually of wood; sometimes, however, where a larg: 
number of castings of the same kind are made, the expense of a 
metal pattern is justified. Patterns are made to allow for the 


/ 


shrinkage of the metal in cooling; which is +g to 1 inch per [oo 
for gray cast iron and ;*; to 14 inch per foot for steel. 

In addition to taking the natural shrinkage of the metal int 
consideration, patterns must be properly filleted or rounded ai 
the junction of thick and thin sections to prevent ‘‘draws’ or 
shrinkage cracks when the metal solidifies. 

Ramming a Mold. In preparing a mold the pattern is placed 
in a wooden or metal form known as a flask, and dampened san! 
is rammed around it until the flask is full. Proper ramming 
depends largely on the experience of the molder. Usually the 
sand is pressed down beside the pattern with the hands. Near 
the sides of the flask a rammer is used. The quality of the cast 
ing is, to a large measure, dependent on the ramming; if the 
sand is rammed too hard the air in the mold cannot escape freely, 


Vebruary 


L OF more 


to thou. 
ity shops, 
bY some 
L distinet 
of foun- 
the }0). 


foundry 


roduction 
dry sand 
ynsists of 
the shape 
L casting. 
e a large 
ense ol a 
y for the 


L per foot 


netal inti 
unded at 


raws’’ or 


is placed 
med sand 
ramming 
ually the 

Near 


pe freely, 


MANUFACTURE OF IRON AND STEEL 307 

‘ns entrapped, and will form a ‘‘scab’’ on the surface 
sting. If the sand is not rammed hard enough, some 

nay spall oft when struck by the impinging stream of metal, con- 
sninating the casting. In addition the sand will not be firm 


Fig. 1—Completed Mold Showing Cope, Drag, Core, and Pattern. 


enough to stand the pressure exerted by the molten metal and 
a bulge on the surface of the casting will result. 

After the mold is rammed it is inverted and the pattern 
carefully lifted out. Frequently the pattern is divided in 
halves. One-half of the mold is made in a section of the flask; 
the other half is then made in a second section. After the pat- 
tern is removed from both halves the two are placed together to 
‘orm the completed mold. The top half of the mold is known 
as the cope; the bottom half is the drag. Fig. 1 shows a com- 
pleted mold. The left half is the .cope; the right half is the 
drag. The pattern is shown standing at the rear of the mold. 

Cores. Cores are hard, baked forms of sand, used to pro- 
duce a cavity in a mold, for example, the inside of a cylinder or 
piston. Cores are made from a mixture of core or ‘‘sharp’’ sand 
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and a binder, such as flour and water, linseed oil, ov lasses 
water. Linseed oil is considered to be the best binder {\, 
as it gives off the least amount of gas. 

Cores are rammed in a form known as a core-box 
from the box and baked at about 400 degrees Fahr. watil jay, 
The temperature and time of baking varies with the size of 4), 
core and with the metal cast, and is determined largely hy ,, 
perience. | 

Cores must be strong enough to resist the pressure exerjaj 
by the solidifying and shrinking metal, but must disintegray 
easily to facilitate the removal of the sand from the finishes 
casting. Fig. 1 shows the core placed in position in the drag 

Green-Sand, Dry-Sand and Loam Molding. Molding sand \ 
composed of silica and a small amount of clay, which increase 
the bonding power. Before use, the sand is dampened or ‘te. 
pered’’ with water. This is known as green sand. The wate, 
increases the bonding power but decreases the permeability o| 
the sand. In addition, the moisture generates gas and cools th 
metal more rapidly. In tempering, the molder brings the damp. 
ness to the point where the best combination of bond and per 
meability occur. 

When the mold is made of tempered sand and is poured before 
it has had an opportunity to dry out appreciably, it is known as 
a green-sand mold. When the mold is dried thoroughly by bak 
ing in an oven at 300 to 400 degrees Fahr., it is a dry-sand moll 
The heat drives off the moisture and leaves the mold in a hard 
brick-like form. Frequently a binder, such as linseed oil, 
added to the sand for dry-sand molds. 

Molds are frequently washed on the surface before drying 
A common wash is graphite and water applied to the surface | 
the mold with a brush. Pulverized silica sand and molasses 
water are also used. 

Molds are sometimes skin-dried. After the mold is prepare! 
the surface layer of sand is dried by a torch or gas flame, or | 
may be sprayed with gasoline, which is then ignited. 

In loam molding the mold is built up on the foundry | 
This method is used for heavy work, especially in gray iron fou- 
dries. Molds for cast-iron fly wheels and other large castings 
are built up with brick and sand; small depressions in the cast 
ings are formed by small patterns or cores. Loam molding ' 
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used principally in the tonnage foundry; pattern or bench mold- 
ng in the jobbing foundry. 

Green-Sand Versus Dry-Sand Molds. ‘The various advan. 
tages and disadvantages of green-sand and dry-sand molds tay 
” briefly summarized: (1) Dry-sand molds do not require so 
much care in molding. It is not so necessary to have the sand 
at the proper temper, as the moisture is completely driven off in 
baking. (2) Dry-sand molds are stronger and are less liable to 
be eroded by the molten metal. (3) Castings from dry-sand 
molds ordinarily have a better surface than castings from green- 
sand. (4) Dry-sand molds shrink more or less in drying and so 
are liable to be less true to form and size. (5) If dry-sand molds 
erack or check in drying, they are more difficult to repair than 
oreen-sand molds. (6) As dry-sand molds are harder than green- 
sand molds the metal is more liable to crack in solidifying “be- 
cause the mold does not yield easily to the presence of the metal. 

Green-sand molding is used more frequently than dry-sand 
molding in both iron and steel founding. Molds for large work 
are often skin-dried. In general, green-sand molding is cheaper 
than dry-sand molding and hence is most used in the jobbing 
foundry. 

Permanent Molds, Chills and Die Casting. In production 
work, when a large number of castings of the same shape and 
size are to be made, permanent metal molds may be used. The 
molten metal is poured into the mold; as soon as it has solidified 
the mold is removed and the casting allowed to cool in the air. 
This prevents too rapid chilling on the surface, with the subse- 
quent formation of a hard skin of metal difficult to machine. 
Cast-iron pipe is usually cast in permanent molds. 

In ordinary sand molding it is sometimes desirable to have 
some part of the casting hard. Metal pieces are inserted in the 
sand. These pieces are known as chills. Their function is to 
rapidly cool and thus harden the metal in contact with them. A 
familiar example of a chilled casting is a car wheel. 

In die casting, the molten metal is forced into the mold 
under pressure instead of flowing in by gravity. Die casting 
produces work to close tolerances in size and weight. A modifi- 
cation of casting in permanent molds is the manufacture of wire 
drawing dies where a hard iron is desired. This is often errone- 
ously spoken of as die casting. 

































iii ; = 





TRANSACTIONS OF THE A. 8. 8. T. 


Tuary 1926 


A recent method of production casting for cylind: 
is centrifugal casting. Briefly this method consists . pouring Sond 
the molten metal into a rapidly rotating mold. The inner g, . 
face of the mold is made to the desired shape and dimensiong ,; 
the external surface of the casting. No core is necessary. [he » 
trifugal forces distribute the metal evenly and uniformly op 4) 
inner wall of the mold. When solid, a hollow casting is the peg); 
The process is used for large pipe, cylindrical liners for cylindey B bla 
east-steel wheels and the like. | 

Gates, Risers and Vents. Steels contract considerably jy , S iro 
lidifying. Unless some means is taken to counteract this natura! e iro 
shrinkage the casting, in cooling, will usually contract sufficient) 
to cause cracks or even ruptures. Shrinkage is taken care of }y Se is 
the gates and risers which function similarly to a sink-head 9 tm 
an ingot in supplying molten metal to fill up the contraction eay. s tr 
ity or pipe. B si 

After the pattern is removed from the sand, a _ horizontii pst 
channel is dug from the edge of the mold to some point near th au 
wall of the flask. This is the pouring sprue or runner. The il 
gate is a vertical hole from the top of the mold to the end of the 
pouring sprue. The molten metal is poured into the gate, run. . ¢ 
ning through the sprue to the mold cavity. Another vertical hol 
(or holes) connects the top of the mold with another part of th . i 
mold cavity. Pouring is continued until this hole or ‘‘riser”’ is 
full. In Fig. 1, on the cope side of the mold (left), the gate and V 
pouring sprue is shown at the front. The riser is near the back ; 
of the mold. 

The riser and gate form a reservoir located above the cast- 
ing, large enough to keep the casting supplied with molten metil 
until it has solidified. As the gate and riser must be removed 
from the casting, and as the metal in these can only be used as 
scrap, much care is taken that their location is such that their 
size may be kept at a minimum. 

It is important that no sharp corners be present in tli 
sprues. If this is the case the sand may spall off by the rushing 
metal and contaminate the casting. Steel shrinks much more than 
iron, hence more care must be taken in locating gates and risers 
Many iron castings are poured without risers, the gate contaiv- 
ing enough metal to feed the small shrinkage cavity. 

Vents are small holes punched through the mold and are nec- 
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<«apv to afford an outlet for the gases generated from the sand 
and metal during pouring and solidification. Vents are put into 
‘ores before baking; in green-sand molds they are put in after 
‘he mold is completed and assembled. 


MELTING [RON FOR CASTINGS 


Approximately 20 per cent of the pig iron produced in the 
blast furnaces of the United States each year is remelted and 
poured into gray iron castings. In 1920, 7,500,000 tons of pig 
‘ron were remelted, and together with 2,500,000 tons of scrap 
‘ron, produced 10,000,000 tons of casting. Approximately 3 per 
cent of the total pig iron production, together with some scrap, 
‘y remelted and poured as white iron castings to be malleableized. 
Gray cast iron is cheap, easily melted and poured into thin, in- 
tricate sections, and is easily machined. It has a high compres- 
sive strength, about 90,000 pounds per square inch. ‘The tensile 
strength is relatively low, about 25,000 pounds per square inch, 
and the ductility is practically nil. It is exceedingly brittle, hav- 
ing practically no resistance to impact. 

There are three methods of melting iron to be poured into 
eray iron castings, the blast furnace, cupola and electric fur- 
nace. By far the largest proportion, in fact nearly all, is melted 
in the cupola. 

In the large steel plant direct castings are sometimes poured 
with metal taken from the blast furnace. An example of this is 
the pouring of ingot molds. 

The electric furnace has come into restricted use in melting 
for gray iron eastings. It is used by jobbing foundries which 
take orders for both iron and steel castings; it is used when it 
is necessary to preheat the iron to a high temperature for pour- 
ing iftrieate and thin sections; and it is also used when it is 
desirable to have the iron almost free from sulphur. An indus- 
try that sprang up during the war, but which has languished 
since, is the production of iron in the electric furnace from steel 
scrap. 

Construction of the Cupola. The cupola is a cylindrical steel 
shell lined with firebrick. A section through a cupola is shown 


in Fig. 2.1 The size varies widely; depending upon the required 
output. 


2Stoughton—Metallurgy Of Iron and Steel, second edition, McGraw-Hill Book Co., 
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A representative cupola delivering 300 pounds . 
minute will be 4 feet 6 inches in diameter and 9 fee; 
tom, or crucible, to the charging door. A cupola of th 
have six to eight tuyeres spaced equally around the 
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Fig. 2—Section Through Iron Cupola. 


ence of the shell. The coke consumption will be approximately 
one pound to seven pounds of iron melted. The tuyeres are cast 
iron pipes which admit the cold blast to the cupola. The blast 
pressure ranges from 14 to 1 pound. 

The cupola may be divided into four sections: (1) the crv: 
cible; (2) the tuyere zone; (3) the melting zone; and (4) the 
stack (Fig. 2). The crucible extends from the bottom to the 
level of the tuyeres. The crucible zone is only about six inches 
deep, as the metal is never allowed to collect in the crucible, be- 
ing drained continuously or at frequent intervals. The melting 
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‘ust above the tuyere zone and extends up about 2 feet. 
9.) The proportion of the coke to iron is regulated so 


: ‘hat the melting zone remains practically constant during the 
me ti : 


run of the eupola. The stack extends from the melting zone 


up to the charging door. This part of the cupola is filled with 


the solid charge which is slowly sinking toward the hearth. This 
‘s shown in Fig. 2. 
Operation of the Cupola. The cupola is burdened with coke, 


é pig iron and scrap iron. The coke and iron are charged in sue- 
cessive layers, aS Shown in Fig. 2. The thickness of these layers 


‘; learned by experience, as it varies with the diameter of the 
cupola, the relative amounts and character of the iron and coke 
and the blast pressure. The thickness of the coke layer is regu- 
lated so that each layer of iron will sink to the top of the melt- 
ing zone just as the last iron from the previous layer has melted 
and is being drained from the hearth. Thus a steady, almost 
uninterrupted supply of molten metal is obtained. 

The proportion of scrap to pig iron varies widely. All foun- 
dries charge their scrap castings, sprues, gates and risers back 
into the cupola. In addition, practically all of the cast iron serap 
on the market finds its way back to the foundry. On an average, 
the charge is made up of 25 per cent scrap and 75 per cent pig 
iron. 

In the average foundry the cupola is operated by day shift 
only. In the morning the cupola is cleaned out and the brick 
work repaired. The bottom is put in position and on it is placed 
a layer of shavings and kindling wood. This is fired and a bed 
of coke charged. The charge is allowed to burn freely for a time 
without foreed draft until the coke is completely ignited. The 
iron is then charged. This first charge of iron is followed by 
alternate charges of iron and coke until the stack is full. 

In the average foundry the fire is started about eleven 
o'clock and the blast put on an hour later. The metal starts to 
run in a few minutes and runs constantly, or nearly so, for three 
to five hours, when the cupola is dumped. This method permits 


all of the molds to be set up in the morning and poured off in 
the afternoon. 


Chemistry of the Cupola. There is practically no refining 
accomplished in the cupola and only few changes in the chemi- 
cal composition of the iron. The sulphur in the iron may in- 
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crease appreciably when high sulphur coke is used. Thi 
may be as much as 00 per cent. 

To flux the impurities in the ash of the coke, limestone x hea 
charged, the amount being about one per cent of the weight 4 . 
the metal. The limestone reacts with the silica in the 
and with any sand on the scrap or pig iron to form a fysjh) B to 
silicate slag, which is tapped from the slag hole at frequent inte 
. vals. Limestone is also supposed to remove some of the sulphur, Q 
| at least prevent it from being taken up by the iron. Some fou, j 
. dries charge a small amount of fluor-spar for the same reason. ; 

. The percentage of silicon in the iron will decrease about | 
\ per cent. A small amount is oxidized by the oxygen in the blas B by 
| 


ner ee | 
hilt ease a re 


OKe-ash, - to 


or by iron oxide, which is formed in small quantities near th» B95 
tuyeres. This oxidized silicon passes into the slag. The pe B tol 
f | eentage of phosphorus, manganese and carbon is for the mos S th: 
part unaffected. 
Burdening the cupola consists in calculating the amount of ; mi 
iron and serap of various analyses that will result in a. mete S tic 
having a definite chemical composition. The change in the per. in 
eentage of sulphur and silicon during melting depends upon the m 
composition of the iron and coke and the general method o| . p 
operation, and is determined by experience for each particular pc 
cupola. ; 
The percentage of silicon, sulphur, phosphorus and manga . il 
nese in the finished casting can be determined with certainty 
The relative amounts of combined carbon and graphite, which f 
largely determine the physical properties of the casting, depen e 
upon several variables: the size of the casting and rate of cool- , 
ing, the amount of silicon in the iron, and to a lesser extent, the ; 
percentage of sulphur and manganese. The rate of cooling 1 
dependent upon the size of the casting, the thickness of section, 
the character of the mold, whether or not chills were used, and 
the initial temperature of the iron. These variables can be reg: 
ulated only by a standardized melting practice and by long ex. 
perience in gray iron founding. 





MELTING STEEL FOR CASTING 





The manufacture of steel castings involves many problems 
not encountered in iron founding. Melting and casting temper 
atures are several hundred degrees higher for steel, necessitating 
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‘he use of more refractory sands in molding. Steel shrinks twice 
gs much as iron. This means that gates and risers must be 
heavier. Steel is more liable to become defective in melting; it 
oxidizes much more readily, and in addition, it is more difficult 
to completely eliminate oxides and nonmetallic impurities from 
steel than from iron. 

There are five methods of melting steel for castings: the 
acid Bessemer process, acid open-hearth process, basic open-hearth 
process, acid electric process, and crucible process. In addition the 
hasie electric process is used, but not frequently. 

About 850,000 tons of steel castings are produced each year 
by the acid and basic open-hearth process. Approximately 
950,000 tons are melted in electric furnaces. Less than 100,000 
tons are refined in Bessemer converters and a small tonnage, less 
than 1500 tons, in erueible pots. : 

In a former article’ the various melting processes for the 
manufacture of steel were described in some detail. The descrip- 
tion applied to the tonnage production of steel, particularly to 
ingots. Applying each melting process to castings is merely a 
matter of modifying some details of practice; in principle, the 
process remains the same. It is only necessary, therefore, to dis- 
cuss the suitability of each melting process to the production of 
steel castings and to deseribe its particular limitations in the 
tield. : 

The Open-Hearth Process. More than 80 per cent of the steel 
for castings 1s melted in open-hearth furnaces. This tonnage is 
equally divided between the acid and basic open-hearth. The 
open-hearth process is used principally in the large foundry 
where a heavy tonnage of castings in a few shapes and sizes is 
made, 

Open-hearth furnaces in the foundry range from 10 to 30 tons 
in size. As the size decreases melting costs increase rapidly. In 
addition, operating difficulties increase appreciably. It is prob- 
able that the 15-ton furnace is the practical minimum. 

What we have already learned about the relative advantages 
and disadvantages of acid and basic open-hearth steel apply to 
the foundry product. In the basie open-hearth process most of 
the phosphorus and part of the sulphur are removed, hence 
cheaper serap and pig iron may be used. In general, acid open- 


‘TRANSACTIONS, American Society for Steel Treating, August, 1925, page 191. 
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hearth steel is more sound than the basic product, consequyey) 
the acid furnace has more than held its own in the ma; fac 7 
of steel castings. The higher quality and fewer was 
been sufficient to offset the higher price of the low 
scrap and pig iron. 


ture 
ers have 


Phosphorus 


The open-hearth process has definite disadvantages jn yo) 
ing steel for castings that restrict its use to large plants wr 
In the first place it is not flexible, because it produces a relative. 
ly large amount of steel at long intervals. Unless the found 
is large enough so that practically all the work can be set up and 
poured at once, the process is insufficient and costly. The opey 
hearth process, thermally inefficient at the best, becomes mom 
so when used for intermittent operation. Hence it is used pri. 
cipally when the foundry is large enough to operate day an¢ 
night. As steel for castings must be melted hotter than {y 
ingots, the life of refractories is short. This increases the tip 
the furnace is idle for repairs and increases the cost. 
these disadvantages the open-hearth process still remains. the 
cheapest melting process where large tonnages are involved. 

The chemical reactions of refining have been adequately dis 
cussed in a previous article. There is practically no ditferen: 
in refining in making steel for castings or ingots. 

The Bessemer Process. The Bessemer process has the ai 
vantage of producing a relatively small tonnage at frequent in. 
tervals. The vessels used in the foundry are all acid-lined ani 
differ from the one described in a previous article’ in that the 
are side-blown. Instead of locating the tuyeres in the bottom, 
as 1s customary in larger vessels, they are located at the side 
near the bottom. Most foundry converters have a capacity oi 
two tons compared with 15 to 25 tons for the bottom-blown vessel. 

The great disadvantage of the side-blown or ‘‘Baby’’ Bes- 
semer is that it must receive an uninterrupted supply of moltei 
metal; pig iron must be melted in a cupola and the molten 
iron transferred to the converter where the steel is made. The 
melting loss is high, as it must include the melting loss in the 
cupola as well as in the vessel. In the Bessemer process It }s 
difficult to keep the sulphur percentage down to reasonable lim 
its. The percentage of the element in the pig iron, scrap and 
coke entering the cupola must be carefully watched. 
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In spite of these disadvantages, the ‘‘Baby’’ Bessemer pro- 


luced a large tonnage of steel castings in jobbing foundries until 
F y . é' ® . . . ° 

the introduction of the electric process, which in time will prob- 
Be Tne ' 

B ably completely supplant it. 


In addition to the advantage of producing molten steel at 
frequent intervals, the ‘‘Baby’’ Bessemer has the advantage of 


B producing a very hot metal, necessary in pouring castings of thin 


Increasing the temperature of Bessemer 


«lubility of liquid iron for liquid ferrous oxide (FeO) increases 


rapidly with the temperature, hence the average heat when blown 
hot and full (i. e., low in carbon) will contain an excessively 


larze amount of dissolved ferrous oxides. Theoretically the de- 


S oxidizing reactions with manganese should eliminate this impur- 


ity; practically, however, these reactions are never 100 per cent 
completed. When the castings are poured, a small amount of 
ferrous oxide is still dissolved in the metal. This reacts with 


earbon 


FeO + C> Fe + CO 


to form carbon monoxide gas. Some of the gas will remain en- 
trapped in the molten metal and will form blow holes in the 
finished casting. 

The Acid Electric Process. The acid-lined electric furnace 
has become the foremost melting medium for castings. It pos- 
sesses many advantages and few disadvantages. The only disad- 
vantage of the process is the high cost of electric power. This 
becomes of minor importance when the other advantages are con- 
sidered. In fact, it has been shown repeatedly that melting 
costs are actually lower for the acid electric process than for the 
‘“Baby’’ Bessemer, and even lower in many cases than the acid 
or basic open-hearth process. 

In the acid electric process neither phosphorus nor sulphur 
is even partially removed, hence scrap of comparatively low 
phosphorus and sulphur must be used. This is not a serious dis- 
advantage, as there are large quantities of scrap available con- 
taining less than 0.040 per cent of each element, and at a cost 
only slightly greater than for mixed scrap of uncertain analysis. 

Another advantage of the electric process is thal no pig iron 
is necessary, with the exception of a small amount for recar- 
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burization purposes. The electric furnace operates ef 


cold charges. This is an advantage over the Bessemer Ii : B neces 
flexible and comparatively cheap to operate intermittently. Thi B expel 
is a great advantage over the open-hearth process. It deliver B proce 
small tonnage at frequent intervals. It can be used fcr ith, Ie 

steel or iron castings, enabling the jobbing foundry to take opg, ; for | 


for either class of work. B high 

The electric process can make use of those grades of sey B (50 
(punchings, borings, turnings, etc.) not suitable for open hear B tegr 
melting. This gives the electric furnace a great economic qj : as 1 
vantage over the open-hearth furnace, which must use scrap 5 Me’ | 
comparatively heavy section, and in addition, must use some py RR!" 
iron in the charge. BR pen 

Superheating is rapidly accomplished in the eleciric fur. B ste! 
{ nace, and with only little danger to the refractory walls a B eXal 
roof. This is a condition impossible of attainment in the ope p gan 
hearth process, where high furnace temperatures always shorten g Or 
retractory life. The acid electric furnace melts rapidly: a ty 
or three-ton heat (the average charge in the foundry) is ready 1 
to tap in 11% to 2% hours. B pro 

Another advantage of the electric process is that a heat _— 
may be melted and finished as steel of a definite composition, 
part of this may be poured and the rest made into ste ab 
of another composition. gma 

The last advantage of the acid electric process is quality 
The high quality of electric steel is well known and has be a 
discussed in a previous article. Castings of electric steel are, i! ™ 
general, sound and free from oxidation defects and blow holes 

The Basic Electric Process. The basic electric process finds 
only limited application in the foundry. As noted in a previous 
article, it is a super-refining process for producing high quality 
steel from relatively impure scrap. Both sulphur and _ phos 
phorus may be removed to a commercially irreducible minimun 
This is seldom necessary in steel castings. 

The basic electric process is much more costly than the ail 3 
electric, due primarily to the additional refining by the use 0! 
two slags. The average time for a basic heat is four to sevel 
hours, or more than twice as long as in acid practice. Steel mate 
by the basic process is, ordinarily, completely deoxidized ant 
degasified. Steel castings must be thoroughly sound and fre 
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Scieel castings, especially for the more complex compositions. An 
Pexample of this is manganese steel. 


Fcanese steel castings is made annually; a considerable propor- 


ll to 14 per cent manganese. 


= castings were melted by this method. 
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blow holes, but a few slag inclusions in the steel do not 
detract from the quality. The additional time and 
necessary to deoxidize completely in the basic electric 
-oaesg is seldom justified in foundry work. 

- \ disadvantage of the basic electric process in melting steel 
The acid slag has a 
The basic slag contains an excess of lime 
50 per cent CaO or more) and is friable and easily disin- 


L\ 


Sseorated. When the metal is lip-poured over the top of the ladle, 
> is standard practice in the jobbing foundry, the basic slag 
)< liable to break up and become more or less emulsified and 


‘hus become entrapped in the steel. This is not so likely to hap- 
The basic process is used for some alloy 


A large tonnage of man- 
tion of this tonnage is melted in basic electric furnaces. 


Manganese steel contains 0.90 to 1.30 per cent carbon and 
In the Bessemer or open-hearth 


| process a low carbon heat is made and tapped. A predetermined 
Samount of ferromanganese melted in a cupola is then added to 


the ladle. As the ferro-alloy contains 80 per cent manganese and 
about seven per cent carbon, adding enough to give 12.5 per cent 


‘manganese, will result in about 1.10 per cent carbon, 


‘he great advantage of the basic electric process in the pro- 


duction of these castings is that manganese steel scrap can be 
‘melted without loss of manganese. 


This is not possible by any 


other melting process. The use of manganese steel scrap, which 


‘has always been a complete economic loss as far as the manganese 


content is concerned, has given the basic electric process a big 
advantage and has resulted in its increasing use in the manu- 
facture of this class of castings. 

The Crucible Process. The tonnage of steel for castings 
melted in crucible pots is negligible. Formerly the highest grade 
The acid electric furnace 
produces steel almost the equal of crucible steel in quality and 
at much lower eost. 

The process used for castings does not differ from that used 
for crucible steel ingots. It is only a melting and alloying proc- 
*S8; no appreciable amount of refining is accomplished. 


In ad- 
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dition to its high cost, the disadvantages are the productioy sted 
in small lots (100 pounds to each pot) and the difficult, 


of pre. 
heating the metal sufficiently to pour small sections. 


PREPARING THE CASTING FOR SHIPMENT 


After the casting has been poured it is still necessary to 
prepare it for shipment. First of all the casting must be dy 
out of the sand, and then the gates and risers and any fins i 
moved. If necessary or advisable the casting is heat treated, atte, 
which it is finally inspected. Usually a close surface inspection 
is given to the casting after digging it out of the sand. In th 
case of noticeable defects it is scrapped immediately, before aj. 
ditional labor is involved. 

Digging Out. The operation of digging out (or shaking 
out) consists of removing the solidified casting from the mold 
The time of digging out varies with the composition of the metal 
and the shape and size of the casting. 

Steels that are inherently tender must be handled differently 
from others which are not so liable to crack. With steels whos 
shrinkage is high, a casting will crack unless cores or portions 
of the mold are removed at once, as soon as the steel is solidified 
and strong enough to stand handling. To facilitate the removal 
of the cores, these are often made with a sawdust center so they 
will be partially collapsible and will yield to the pressure of the 
shrinking metal. Frequently cores will be molded around cin 
ders or ashes, which facilitates breaking them up when the cas: 
ing is solid. 

If the casting is one with thick and thin sections, shrinkage 
eracks will result even from cooling in the air. These castings 
are buried in ashes or sand to cool slowly, or are charged imme. 
diately into a hot furnace or pit and allowed to cool with the 
furnace. 

The method of digging out will be different for iron and for 
steel of various compositions, and is learned by experience it 
each case. 

Cleaning. Small gates and risers may be broken off steel 
castings with a sledge hammer. When these parts are of heavy 
section they are usually cut off with a saw or burned off with an 
oxyacetylene torch. It is dangerous practice to use a drop 
weight for breaking off heavy heads; as cast steel is inherently 
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; brittle and eontains casting strains, the force of the blow is 
Bi jjable to open up external or internal seams and cracks. The 
Hatter are especially dangerous because they are not usually dis- 
F overed until after the casting is in service. In general, cast iron 
is 
F \fter the gates and risers are removed it is generally necessary 
Do clean the castings by grinding. 
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brittle enough so that cleaning involves only little difficulty. 


Blowholes or shrinks may be sufficient cause for a casting 


: to be scrapped. Generally, however, these defects are eliminated 
Sy welding, which, if properly done, produces a section just as 
: strong as the original cast metal. It is necessary to use great 
care in preheating the casting properly to prevent the introdue- 
‘tion of further strains due to uneven heating and cooling near 


the weld. The metal in the weld is always harder than the rest, 


Sand if the casting is to be machined it is necessary to re-anneal. 
) Welding, if necessary, is nearly always done after annealing. 


Heat Treatment. Steel castings are usually coarse-grained. 
This is due to the slow cooling through the solidification and 
crystallization ranges. This coarse structure is extremely brittle, 
hence for castings that must withstand shocks or unusual strains 
it becomes necessary to improve the structure by heat treating. 
The castings, if of low carbon steel, are placed in a furnace and 
heated uniformly to about 1650 degrees Fahr. They are then 
held at this temperature for two to four hours to .insure com- 
plete refinement of the grain. The rate of cooling from this 
temperature varies according to the shape and size of the cast- 
ing, and to the structure and physical properties desired. The 
carbon percentage also influences the rate of cooling. The more 
rapid the cooling, the finer the grain size. Rapid cooling is ac- 
companied by an inerease in hardness and brittleness. If the 


pcasting has both thick and thin sections, too rapid cooling will 


cause strains in the metal. Rapid cooling, such as oil and water 
quenching and occasionally air cooling, is always followed by 
reheating to 1000 to 1200 degrees Fahr. to relieve hardening 
strains, 

| When it is desired to have a maximum softness, the cast- 
Ings are cooled slowly in the furnace. Most often air cooling 
is used. This treatment gives a most desirable structure and 


physical properties. In addition the steel is usually easily ma- 
chined. 
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The heat treatment of steel castings of ordinar 


aalysis 
(0.20 to 0.30 per cent carbon) increases the resistance of +), 
metal to shock and greatly increases its endurance to repeate 
stresses. Hence the chief value of commercial heat treatm, 


such as heating to 1650 degrees Fahr., followed by air cooliny 
is the removal of casting strains and refinement of the eain 
leading to increased toughness and resistance to shock. 

Alloy steel castings are nearly always heat treated to «, 
velop their best physical properties. In most eases it is neces. 
sary to quench and temper the casting similarly to the heat treat. 
ment of parts machined from rolled or forged bars. High jnap. 
ganese receives a water toughening treatment. As cast, the ste¢| 
is hard and extremely brittle. When quenched from a_ brigh; 
red heat in water it retains its hardness and becomes tough, 

In heat treating castings it is necessary to take certain other 
factors into consideration, such as machineability, warping and 
the like. Most of the steel castings made are given some for 
of heat treatment. Iron castings are seldom treated. 

Inspection. The inspection given to iron and steel castings 
consists principally of a close visual inspection for cracks, 
shrinks and draws when the eastings are dug out of the mol 
Some shops sand-blast the finished casting to remove scale, in. 
prove the finish and facilitate inspection. Practically all fou. 
dries of any size have a chemical laboratory and maintain clos 
control over the chemical composition of the metal. Frequent 
metallographic examination is exceedingly valuable to determine 
the structure and uniformity of the metal, thus checking the 
heat treatment. Coarse etching is also valuable as a means {or 
detecting unsoundness, extreme segregation and non-uniformity. 
One or two castings out of the lot poured are cut in half. The 
sawed surface is ground flat and rough polished with emery 
paper. It is then immersed in hot dilute sulphuric acid (1 par 
of acid to 4 parts of water) or hot dilute hydrochloric acid (1 par 
of acid to 1 part of water) for 10 to 30 minutes or longer, if ne 
essary. After washing with hot water and drying any intern! 
defects or unsoundness are readily apparent. 
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COPPER ‘“‘MIGRATION” IN CARBURIZING 


By E. H. Stiuwi. 





Abstract 

This article tells how a large automobile manufac- 
turing company overcame the difficulty of nonuniform 
carburization of camshafts. This trouble was due to what 
has been called ‘‘copper migration,’’ which is believed 
‘op be caused by the presence of lead in the carburizing 
compound. 

The carburizing compound had become contami- 
nated with lead as a result of carburizing gears which 
had been tested for their bearing qualities in a paste 
of red lead and linseed onl. 
~The author also discusses two methods at present 
used for the manufacture of camshafts. 


NUMBER of the automobile manufacturers recently en- 
£\% countered some difficulty in carburizing camshafts. The 
difficulty was non-uniform carburizing. In order to secure selec- 
tive carburizing, the shafts were either copper-plated completely 
or portions of them plated. Areas copper-plated would harden 
and those areas desired hard would remain soft. It was the opin- 
ion for some time that the copper was transferred from one por- 
tion of the shaft to another, so for the want of a better name, the 
trouble was ealled ‘‘copper migration.’’ 

One of the first companies to overcome this trouble was the 
Dodge Brothers, Inc. It was here that experiments were per- 
formed and a solution found which entirely eliminated the diffi- 
culty in earburizing camshafts. 


EXPLANATION OF THE ‘‘CoPpPER MIGRATION’’ 


ln testing gears for their bearing qualities, the master gear 
is coated with red oxide of lead (Pb,O,) and linseed oil, and the 
soft gear rolled therein. If this paste of red lead is not entirely 
removed from the gears before carburizing, the carburizing com- 
pound will become contaminated with red lead. 

Experiments were conducted for several weeks to ascertain 
ihe cause and prevention of this so-called ‘‘copper migration.”’ 
After experimenting with various grades and mixtures of car- 


OO 


_. The author, E. H. Stilwill, is chief engineer, forge and heat treat di- 
“sion, Dodge Bros., Inc., Plant No. 2, Detroit. 
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laly 


burizing compounds, it was observed that compounds free fy, Rm 
lead gave satisfactory results. This part of the problem wa 3 se 
investigated and a sufficient number of experiments performe 
definitely establish the conclusion that the lead present jn 4, 
carburizing compound will cause non-uniform carburizing of Man a 
copper-plated camshafts. No satisfactory explanation of this phe P 


nomenon has been given. 7 
EUIMINATING LEAD - t 

It was, therefore, definitely proven that the lead wags 4), | 
cause of the trouble, and when this part of the problem was x = 
| cessfully solved, the next step was to find a substitute for th ? 
red lead for testing the gears. . 
The compounds investigated were iron oxide, tale, Prussian . * 


blue, lampblack ground in linseed oil, ete. White lead would no 
make a satisfactory substitute on account of the lead, and zine 
oxide was not tested because it was thought the zine oxide would 
react in a similar manner to the lead oxide. The iron oxide was 
too gritty and would destroy the master gear after a few appli 
cations, and the tale did not reveal the bearing qualities of the 
gears accurately enough to replace the red lead. The Prussian 
blue and lampblack were so dark that the contrast between them 
and the stee! was not sufficient to reveal the bearing. 

It, therefore, appeared impossible to eliminate the red lead, an : : 
the conclusion was reached that the red lead must be removed frow . 
the gears before placing them in the carburizing compound. Thi 
most satisfactory method of removing the red lead is by washing th 
gears in painters’ spirits, gasoline, etc., before placing them in the 
earburizing containers. It is also necessary to wash the gears short- 
ly after testing, otherwise the linseed oil dries and forms a gumm) 
covering which is difficult to remove. It is important that th 
gears be washed in the testing room, rather than in the heat 
treating department, due to the inflammability of the spirits. 

Before washing the red lead from the gears, approximatel) 
| 75 camshafts were lost each day due to improper carburizing 
. \ The approximate loss per month after using this method is five. 


NE ee 


PRESENT Metruop Usep rok MANUFACTURING CAMSHAFTS 


’ La 

The method now used for the manufacture of camshafts )) 
this company is to forge the diameters between the cams al 
bearings about ;4, of an inch larger. Then, prior to carburizing, 
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‘he flange Which has been thoroughly cleaned, is dipped in a 
cater solution containing 20 per cent copper sulphate and ap- 
proximately 2 per cent sulphurie acid. The flange is not allowed 
4) yemain in this solution longer than 5 to 10 seconds, because 
a thick plate of copper will fall off. This plates the flange, which 
‘< the only portion plated, with copper, thus preventing carburiz- 
‘ng. The camshafts are carburized in this condition and allowed 
to cool in the box. 

The diameters which were forged over-size are then turned 
down to size, removing all the carburized zone in those areas 
which are desired soft. The camshafts are then hardened and 
result in hard eams and bearings with the remainder of the shaft 
soft. This method has given excellent results and is more satis- 
factory than copper plating the entire camshaft. 


ALTERNATE METHOD 

Another method is to copper plate the complete camshaft 
and remove the copper by grinding or turning from those areas 
desired hard. There is not so much metal to be removed by this 
method, and it has proved quite satisfactory. 

The disadvantage of this method is the gumming of the grind- 
ing wheels with copper and as the copper is soft and ductile it 
easily smears and is deposited on other areas of the cam or bear- 
ing, resulting in non-uniform carburizing. This, of course, is 
readily overcome by closely watching the grinding operation. 


CONCLUSION 


The methods outlined above have worked out satisfactorily 
for maintaining a camshaft that will straighten without break- 
ing after hardening, and the following gives a summary of the 
methods used: 

1. The red lead is completely removed from gears by wash- 
ing in painters’ spirits before placing in the carburizing com- 
pound in order to avoid contaminating the compound with lead. 
The camshafts are copper plated and prior to carburizing the 
copper is removed by grinding or turning from those areas which 
are desired hard. 

-. The camshafts are forged about ;°; of an inch over-size, 
between the cams and bearings and the flange copper plated. The 


excess metal is machined off after carburizing and before hard- 
ening, 
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NOTES FROM THE U. 8. BUREAU OF MINES 
BENEFICIATION OF HiguH Simica Iron Ores qui 
HE purpose of an investigation being conducted at the Southery experi 
ment station of the Bureau of Mines, Department of Commerce. Tusea. 
loosa, Alabama, is to develop means of treating low-grade high-silica jz, kk 
ores of the South, and particularly of the Birmingham district, wher, _ 
: , 0} = tro 
they may be rendered available for blast-furnace use. With the dovyelo, 
e ° e ~~ Sol 
ment of satisfactory methods of treatment will come a large increase ; ‘ 
‘ . ' ; s by 
the iron-ore reserves. The purpose of the four studies is: (1) High-sjjj 3 , 
& Salta / au 


red ores, to remove part of the insolubles of the ore with a minimum og 
of iron, thereby increasing the iron content in the product going to 4, 
blast furnace; (2) High-silica, specular gray hematite, similar that fi 
the high silica red ores; (3) Low-grade brown ores, to develop a coars 
treatment for removal of clay, gravel and chert; (4) Blast furnace fy, 
dust, to remove enough carbon and insoluble material from the flue dyy 
to make a concentrate high enough in iron for blast-furnace use. During ’ af 
the past fiscal year considerable work was done on the red and gray hem 
tite. Tests have been completed on samples of ore from a number of local 
ties in the red ore district of Alabama. Additional samples are being 0| 
tained for further tests. Good metallurgical results have been obtaine] 
on all samples of red and gray hematites tested. Work on the brown ore 
was started late in the year, with good results to date. In the study 

gray ores, work was completed on ores from part of the Tailadega distric, 


\ 
and begun on ores from other localities. The results of the flue dust inves ) 
tigation, which is practically completed, are irregular, due to the many t 
variables of the samples. n 

FUNDAMENTAL REACTIONS IN BLAST FURNACE , 
During the present fiscal year the Bureau of Mines, Department of ! 


Commerce, will continue at its North Central experiment station, at Mi ( 
neapolis, its work of making a study of fundamental reactions taking place 
in the commercial iron blast-furnace. The work will include a study of the 
composition of the gases across a series of planes, situated between thi 

tuyere level and the stock line; a study of the composition of solid mate 

rials and the degree of reduction of iron oxides removed from each plane; 

also observations on temperatures and pressures at the various planes. Ti 
Bureau of Mines has completed a similar study on a Southern foundry fur 

nace. For the purpose of extending the work and mainly for comparativ: 
purposes, the second phase of the work will be conducted on a Northern 
furnace, where Northern practice and conditions may be studied. 


HEAT TRANSFER IN BLAST FURNACE 


The most important function of the ascending gas in the iron blast 
furnace is probably the reduction of the ore to metal. The gas, however, 
has a second duty to perform, the heating of the descending solids. Th 
physies of this heat transfer from gas to colder solid particles is being 
investigated by the Bureau of Mines, Department of Commerce, with %' 
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view that furnace designers may know how best to satisfy the thermal re- 
quirements of the blast furnace process. 

Preliminary experiments at the North Central experiment station of 
Bureau, at Minneapolis, have shown that the coefficient of thermal trans- 
is high and depends upon the screen-size, the rate of flow, the per- 
of voids between particles, and the temperature. In general, heat 


tiie 
mission 
centage 
transmission is & funetion of the physical properties of the ore mass similar 
somewhat to the rate of reduction and to the pressure drop experienced 
by the gas flowing through the ore. The three interrelated problems depend 
directly upon the mechanics of the molecular contact at the interface be- 
resets tht gas and solid phases. 





TREATMENT OF HigH PHOSPHORUS, LOW SuLPHUR, MANGANIFEROUS 
Pig Iron 






The dependence of the United States on imported high-grade manganese 
ores and manganese alloys is fully realized by steel makers and other users 
of manganese. Normally the high-grade manganese ore produced in this 
country constitutes less than 2 per cent of the total amount of manganese 
consumed. If the importation of high-grade manganese ore and the alloys 
produced therefrom were discontinued, numerous industries would be vitally 
affected. Of these the steel industry consumes by far the largest amount 
of manganese. 

As a part of its experimental blast furnace studies, the Bureau of 
Mines has produced about 136 tons of an alloy containing from 5 to 15 
per cent manganese and averaging about 0.6 per cent phosphorus. It is 
the scope of this investigation to determine whether metallurgical treat- 
ment can be developed whereby it will be possible to separate the iron, 
manganese and phosphorus. Preliminary tests indicate the iron can be re 
claimed in the form of steel containing negligible amounts of sulphur. The 
manganese will be converted into an oxide and recovered in a slag which 
can be used as an artificial ore in the production of ferromanganese. This 
last phase of the work is the primary purpose of the investigation. 








RATE OF REDUCTION OF IRON OXIDES 


The object of a study of the rate of reduction of iron oxides being 
conducted by the Bureau of Mines, Department of Commerce, is to obtain 
results of use in the design and operation of the blast furnace. Although 
the methods of physical chemistry are employed in the experiments, the 
possibility of applying the results to practical furnace problems is kept in 
the foreground. Experiments during the past year have shown what are 
the important temperatures, rates of flow, sizes of particles and apparent 
densities of ore mass. The percentage of voids between the ore particles 
was found to affect the reaction rate. The degree of oxidation of the ore 
also has been found to be of great importance. The reduction rate has 
been followed from analyses of the gas flowing into and out of the heated 
ore beds, and by the composition of the ore after each test. A third 
method for measuring reduction, involving a determination of the magnetic 
Susceptibility of the ore, is being developed. 
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OPEN-HEARTH FURNACE REFRACTORIES 


A study of requirements for open-hearth furnace refractori 
continued by the Bureau of Mines, Department of Commerce. "| 
of the investigation is to determine the conditions to which refrs 
subjected in open-hearth steel furnaces. During the past year a 
terminations were made of the temperatures existing in various 
basic furnace. Temperature gradients through wall and roof b: 
also determined. A large number of dust samples were taken 


mented during the fiscal year 1925-26 by similar determinations on 
furnace, 
¥AS MAKING FROM WESTERN COALS 


In cooperation with the Pacific Coast Gas Research Council, a 


being made by the Bureau of Mines of the feasibility of utilizing co: 
able on the West Coast for the manufacture of city gas. Laboratory st 
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of the gas producing qualities of various Western coals, operating tests in ¢ 
plants, and the economic possibility of using them for the manufacture of 


city gas will be investigated. 


ANALYSES OF FOREIGN COALS 


The analyses of various coals from China, Japan, New Zeal: 


ind and 


Australia are given in Serial 2708, recently issued by the Bureau of Mines 
Department of Commerce. The analyses were made by the fuels division 
the Bureau in connection with official tests of these coals, and are publisl 
in response to a demand for information relating to the characteristics ot 


the coals of different foreign countries as compared with coals mined 


United States. 
SPONTANEOUS COMBUSTION OF COALS 


in 


In the course of a study of the spontaneous combustion of coal, being 
conducted by the Bureau of Mines, Department of Commerce, at its Pitts 
burgh Station, an adiabatic calorimeter has been constructed for the purpos 


of studying the heating tendencies of various coal samples under conditions 
permitting the elimination of all variables affecting spontaneous combustio! 
save that of oxidation itself. The normal heating rate due to oxidation alou 
is then obtained. After once establishing this characteristic for a given coal 
other variables are introduced and their effects studied. 

Characteristic normal heating rate curves have been established for coals 


of different ranks from lignite to anthracite. Except for the semi-bituminovs 


coals and anthracite from a temperature of 40 degrees Cent. heat 


ing rates 


are proportional to the temperature; with semi-bituminous and anthracite 


the heating rates are practically constant. Variation in size of 
under test does not affect the shape of characteristic heating curves. 


the coal 


Heating, 


however, is very much intensified by reduction in size. Thoroughly dried coals 


heat less rapidly than those containing a little moisture. A moist 
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at or cool depending on its degree of saturation relative to the air with 
2 » it comes in contact. With dry air and moist coal the latent heat of 
orization of the moisture taken to saturate the air may well be sufficient 

-halanee the heat developed by oxidation. 





WASHABILITY OF WESTERN COALS 





Work is being continued at the Seattle experiment station of the Bureau 
¢ Mines, Department of Commerce, on the washability of fine coal on tables, 
vith particular reference to Washington and Alaska coals. The purpose of 
this wouk is to obtain fundamental data on coal tabling, using the float-and- 
sink test of zonal products, supplemented by screen-sizing tests and chemical 
nalyses. All experiments will be on commercial-size tables. With these 
fundamental data in hand, it is proposed to attack the problem of cleaning 
fne sizes of Washington coals which have baffled all attempts to produce 
onomically a washed coal of low ash content even though shown possible 
hy float-and-sink tests. : 
. That portion of the problem relating to the effect of specific gravity and 
re of particle on the distribution of coal and impurities on the table is 
practically completed. The information obtained has proved an important 
step toward the ultimate solution of the problem of tabling bony coals. This 
work indicated the need of hydraulic classification of the feed. A single-cell 
oal classifier has been developed and given a thorough trial under widely 
varying conditions and has proved satisfactory. Appreciable improvement 
» the work of the table resulted from the use of a classified feed. During 
all the table tests, every variable has been carefully recorded, and some work 
has been done in correlating these data. 

Particular attention will be given this coming year to a study of the 
table variables mentioned above, and to the perfection of a multiple-cell 
eoal classifier along lines of the single-cell apparatus developed during the 
past year. 


TESTS OF SMALL FURNACES 






The relative thermal efficiency and the economy in the use of the available 
els in domestic furnaces is of great interest to all householders; also a 
knowledge of the design or arrangement of the furnace best suited to each 
fuel is necessary. Investigations have been conducted by the Bureau of Mines 
on the burning of anthracite and bituminous coals, coke, and natural gas in 
a small furnace in which the amount and arrangement of heating surfaces 
could be varied. This work has been done in cooperation with the laboratory 
of the American Society of Heating and Ventilating Engineers. It has in 
cluded a close study of the process of combustion, particularly for bituminous 
coal. Small furnaces, it is pointed out, tend to permit the smoke and tars 
‘rom this fuel to pass into the chimney unconsumed due to the comparatively 
low temperatures and short gas travel pertaining, and thus reduce the efli- 
cieney and contribute to the smoke nuisance. 
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Reviews of Recent Patents 


By 
NELSON LITTELL, Patent Attorney 


110 E. 42nd St., New York City 
Member of A. S. S. T. 





1,563,170, Method of Tempering, James Carey Davis, Hinsdale. 
Tilinois. 


This patent relates to a method and apparatus for tempering or 
ing local hardness on steel castings, particularly car wheels. 
The apparatus and process include the use of a circular opening fo, 





supporting the car wheel 17, surrounding which is an annular chamber | 
having inlet openings 12 for the quenching fluid and having bafile wal\ 
10* to distribute the fluid uniformly around the annular chamber, so as ¢ 
eause uniform fluid pressure and equalize the flow of the fluid through the 
nozzles 20, 21, 22 which project from the inner walls of the chamber 
toward the tread and flange of the car wheel. In the use of the devie 
the heated wheel is placed in the annular opening 10 and subjected to « 
spray of the nozzles 20, 21, 22, there being preferably more nozzles in th 
row 21 than in the remaining rows, so as to get a more rapid cooling actio: 
at the juncture of the flange and tread. To protect certain portions of 
the tread from the quenching actions, a separate band or hoop may bi 
used to enclose this portion and deflect the quenching fluid therefrom 


1,562,042, Process of Preparing Boron-Iron Alloys, Aladar Pacz, Cleve- 
land Heights, Ohio, Assignor to General Electric Company, a Corporation 
of New York. 


This patent describes the advantages of boron-iron alloys, especiall 
those containing from % to 5 per cent boron, which render alloy steels 
more easily fusible and more adaptable to commercial working conditions 
and to castings. A primary boron alloy is formed by compounding a boro 
compound, such as B.O,, with an iron compound, such as Fe,O,, and finely 
divided aluminum, into a briquette and igniting the small briquette and 
dropping it into a crucible containing a number of briquettes of like com 
position, to cause a reaction between the materials. This produces an alloy 
containing approximately 16 per cent of boron, which alloy may be added 
to a molten bath of alloy steel or other metal to produce the desired % t 
5 per cent of boron, 
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1,562,540, Tin-Zirconium Alloy and Process of Making the Same, 
aah s, Cooper, Cleveland, Ohio, Assignor to Kemet Laboratories Com- 


pany, Inc., @ Corporation of New York. 


This patent describes a process of producing a pyrophorie alloy of tin 
and zirconium adapted for use in igniters in lieu of the cerium alloys here 
k tofore used. 

fhe alloy is preferably formed by producing the zirconium metal in 

the form of a powder, as by reducing zirconium tetrachloride with metallic 
eodium, then drying the powder and compressing it in dies under heavy 
ressure. The rods or disks of zirconium are then heated in a bath of 
nolter tin, and the tin is absorbed into the zirconium with considerable 
evolution of heat between the temperature of 700 and 1000 degrees Cent. 
to form the desired alloy. In this way the melting of the zirconium is 


avoided and oxidization is reduced. 





1,563,420, Process of Manufacture of Armor Plate, John B. Johnson 
and Samuel Daniels, of Dayton, Ohio. . 


This patent describes a method of manufacturing armor plate, accord- 
ing to which one side of the plate is carburized or case hardened before 
being redued to the desired thickness, then rolled at a temperature of 
approximately 1750 degrees Fahr. to the desired thickness, then further 
carburized from 9 to 12 hours at a temperature of 1560 degrees Fahr., 
cooled, reheated to 1450 degrees Fahr. and quenched in oil. 


1,563,573, Heat Resisting Alloy and Structure, Noak Victor Hybinette, 
of Wilmington, Delaware. 






This patent deseribes a resisting alloy structure 



























heat comprising 
chromium 10 to 12 per cent, nickel 30 to 40 per cent., carbon 0.4 to 1.5 per 
cent, silicon less than 1 per cent, and the remainder iron. This alloy is 
capable of being produced in an open-hearth furnace, and therefore at : 
greatly reduced cost of manufacture and is also capable of withstanding a 


high temperature for a long period of time. 


- 


It has been found to be reliable 
in operation and to have small expansion and contraction coefficient. 


1,565,755, Method of Treating Ingot Molds, William Haig Ramage, of 
Girard, Ohio. 





This patent deseribes a method of producing ingot molds, which com 
prises casting the mold in sand, as in the ordinary practice, stripping the 
ingot mold from the sand as soon as solidified sufficiently to permit hand- 
ling, removing the core bar, and plunging the mold into a water bath or 
other cooling liquid to chill the walls, then storing it in a suitable heat- 
insulated oven to permit the residual heat in the mold to anneal the walls 
thereof. The plunging of the hot mold into the quenching fluid causes a 
formation of steam, which, the inventor states, practically blows the ad- 
hering sand from the mold, producing a clean casting and the quenching 
produces a dense, fine grain surface on the mold which is more effective in 
resisting the eutting action of the hot steel when the mold is in use. 
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1,566,766, Case Hardening Material, George Coleman Nixon 


of Syra 
cuse, New York. 


This patent describes a case hardening material in whic} alk 
metal phosphate such as sodium phosphate or potassium Phosphate is oll 
as an energizer for the carbonaceous material of a case harden), mixtu 
in lieu of the energizers heretofore used, such as soda ash, lime, bariyy, oo, 
bonate and the like. The alkali metal phosphate, when used as a) 
does not produce carbon monoxide, as in the case of a soda ash energiz 


and it produces a thicker and harder case. The material is partic 


adapted for use in dry packing processes of case hardening. 


1,567,143, Annealing Steel Sheets, John Thomas Hay, of Canton. Ohio. 
Assignor to United Alloy Steel Corporation, of New York, N. y. 
poration of New York. 


a cor 


This patent describes a method of annealing chromium stee!| 


or ir 


sheets, whereby the formation of an insoluble seale on the sheet gsurfaec 


is prevented, The apparatus used comprises a furnace of the semi-myi, 


Ulil 





firing chamber 10 from the sheet chamber 9, together with the usual char 
ing doors 11 and 14 for the combustion chamber and the sheet chamber 
The gases and heat from the combustion chamber pass over the bafile wal 
7 downwardly between the sheets on the floor 16, and out through th 
bottom flue 19 and stack 22. 

The inventor states that chromium steel sheets as they come from th 
rolls have a tightly adhering seale after an ordinary anneal in a reducing 
atmosphere, which scale is insoluble by ordinary pickling methods. Accor’ 
ing to the present methods, the sheets are heated in the furnace for 4 
period of about 20 minutes and then the check damper 23 at the top of th 
stack 22 is opened to permit a flow of air through the furnace around th 
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1UVo 
ceparated sheets for about 10 minutes. The oxygen in the air causes the 
seater upon the sheet surfaces of a scale which is readily soluble in a 
vieckling bath containing sulphurie and hydrochloric acids in the proportion 
of ) per cent of sulphuric, and 2 per cent of hydrochloric, The sheets are 
thus subjected to a hot annealing atmosphere, which is first reducing and 
then oxidizing, for a period of about 30 minutes, at the end of which the 


sheets have a fine granular structure adapting them for deep drawing. 
1,567,632, Composition of Matter for Selective Case Hardening, 
Charles G. Whinfrey, of Shaker Heights Village, Ohio. 


fhis patent discloses a composition of matter for protecting selected 


narts of articles undergoing carburization from the effect of the carburizing 


‘reatment. The ingredients of the composition for effecting this selective 


case hardening are, approximately, fire clay 60 parts, sodium silicate 75 
parts, caustic soda 3 to 12 parts, kaolin 26 parts, and borax 1 part. The 
ire clay and sodium silicate are the predominant ingredients in the mixture. 
rhe caustic soda is employed merely as a modifying agent for the sodium 
silicate to thin the liquid silicate. The caustic soda is not used in suflivient 
quantity to serve as a flux, The mixture may be applied as a paint, which 
lows smoothly, even on slightly oily surfaces, and effectively protects the 
painted portion from the carburizing portion while at the same time it is 
readily removable from the article after the treatment. 


1,567,898, Process Of Making Rustless Iron and Similar 


articles, 
Frederick M. Becket, of New York, N. Y. 


"his patent deseribes a process of producing rustless iron of a ehromium 
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content of 8 to 18 per cent, with an extremely low carbon cont 
ably below 0.10 per cent. Difficulty has heretofore been experie) 


In t 
production of this type of alloy of low carbon content, because o{ ~ 

avidity of chromium for carbon. The inventor has discovere sida 

that the carbon content in ferrochromium-:silicon alloys decreases wi! relation 

to the increase in the silicon content of such alloy in accordance with thi 

curve shown on the accompanying diagram. By producing a ferro. hromium 

silicon alloy having a silicon content of between 40-50 per cent, the earho, 

content will be within the range of approximately 0.1 to 0.04 per ee 

Such an alloy may be produced in an electric furnace from a charge eo) 

prising quartzite 420 pounds, chromite 244 pounds, and a carbonaceoys S Sh 
reducing agent 336 pounds, the resulting alloy containing silicon 45.07 per = 10 
cent, chromium 29.33 per cent and carbon 0.05 per cent. When 93 pounds 

of ferrochromium-silicon alloy resulting from this charge is mixed wi) eS 


216 pounds of chromite, 518 pounds of iron (under 0.10 per cent carhoy 
and 173 pounds of lime a rustless iron alloy containing chromium 15,% 
per cent, carbon 0.12 per cent, silicon 0.25 per cent, and the balance Iron. is 


produced. , ' 


1,568,174, Carburizing Box or the Like, Charles Ellison MacQuigg 
of Flushing, New York, Assignor to Electro Metallurgical Company, of 
Niagara Falls, New York, a Corporation of West Virginia. 

According to this patent, when alloys of chromium with iron, nickel o; 
cobalt are subjected to elevated temperatures and carburizing gases, as 
when used for making carburizing boxes, cracking or spalling of the walls 
of the box frequently oceur long before corrosion or scaling has substai 
tially impaired the alloy. The inventor has discovered that such disintegrat 
ing action may be stopped or materially reduced by the addition of smal 
quantities of copper into the chromium alloys which are to be subjected 
to carburizing conditions. Preferably the copper should be used in th 
maximum amount which will alloy with other metals. Where the chromiun 
alloy contains 20 per cent or more of chromium, the limit of solubility of 
the copper is of the order of 5 to 7 per cent. 


1,568,186, Process for Dephosphorizing Iron and Steel, Isaac M. 
Scott and Samuel Peacock of Wheeling, West Virginia. : 

This patent describes a process of dephosphorizing iron and steel in a 
basic open-hearth furnace. The process differs from the prior art in the us 
of an oxygen bearing chromium compound, such as calcium chromat 
(CaCrO,) in lieu of the calcium oxide which has heretofore been used to 
form the slag for dephosphorizing the iron. The advantage in the use of 
‘alcium chromate to oxidize the calcium phosphides in the bath to calcium 
phosphate resides in the greater stability of the chromate at the temperature 
of the slag and consequently a longer period of contact of the bath with the 
slag may be had before the chromate suffers disassociation. In addition 
the chromium in the finally discarded slag, in the form of an alkaline earth 
chromate, may be recovered by fine grinding and digestion with a solution 
of alkali metal salts such as sodium sulphate, which reduces the chromium 
to sodium chromate. 
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Abstracts of Technical Articles 


relatio, [aa Brief Reviews of Publications of Interest 
with tl | to Metallurgists and Steel Treaters 


romlun 


EXAMPLES OF HEAVY SHEET STEEL DRAWING. By Ellsworth 
iinet : veldon, New England editor, American Machinist, December 31, 1925, page 
1 45.07 per 3 1()35 
YO pounds . In this article the writer tells of the achievements of the Rockwood 
nixed wit} 7 »rinkler Company of Worcester, Massachusetts, in drawing heavy sheet metal. 
nt carbon this company has adapted the process of press drawing to the production 
nium 15.99 > 6of many standard and special parts that in the past had been obtainable only 
nee lie S from castings or bar stock by way of the serew machine, It began this work 

ore the war period by substituting shells of drawn steel for iron castings 


‘rom which to make pipe unions, couplings, ete. There is given a detailed 
MacQuigg, 


escription of the manufacture of a shell from drawn steel, designed to take 
mpany, of 


the place of a serew machine product. Lllustrations are given showing suc- 


okel essive operations in producing a shell and tools used for some of the opera 
fy HUCKel ¢ . ° . 7 
tions. The shell deseribed is made from 0.187 inch hot-rolled steel. 


maSeCS, as 


the walls z ON THE STRUCTURAL DIAGRAMS OF SOME SPECIAL STEELS is 


is substar ihe title of a Reprint from the Science Reports of the Tohoku [Imperial Uni 
isintegrat S versity, Sendai, Japan, Series I, Vol. XIV, No. 4. The author is Tutom Kasé, 


n oF smal » ‘The book contains five sections as follows: 


hs} by ected 
ned lL Introduction 
2 Nickel Steel 


3 Manganese Steel 


, : 
cd in 


ehromiun 


pany t Chromium Steel 

5 Microseopiec Investigation 
Isaac M. is also a summary of the writer’s investigations, five tables and five 
. plates. The plates inelude 14 photomicrographs of specimens of steel. The 
ss = s pamphlet contains 26 pages besides the plates. 
in the use 


chromat ON THE INFLUENCE OF SOME ELEMENTS ON THE SPHEROLD 
‘n used to ZATION OF CARBIDES IN STEELS. By Tomimatu Isihara. 
the use of This article is a reprint from the Science Reports of the Tohoku Imperial 
to caleium Vniversity, Sendai, Japan, Series I, Vol. XIV, No. 4. The writer gives the 
im peratur results of an investigation that was undertaken to confirm the conclusions of 
h with the }revious investigations on the formation of spheroidized cementite in steels. 
n addition three kinds of steel containing manganese, chromium, and copper were in 
line earth vestigated by the writer, and the effects of these elements in spheroidizing the 
a solution carbides were compared with the ease of plain carbon steels. Twenty kinds 


ehromium 0! manganese steels, chromium steels and copper steels were prepared from 


Swedish 


iron and metallic manganese, chromium and copper. Tables are given 
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edruan 19 

showing the results of the experiments. There are five plates, { of wh for 

give photomicrographs of different steel alloys. eas 
THE EFFECT OF COLD WORKING AND ANNEALING ON gpyy Seq 

PHYSICAL PROPERTIES OF COPPER, ALUMINUM AN)) [yp 4 

ALLOYS. By Tutomu Matsuda. m= thd 
This article is reprinted from the Science Reports of the Tého! [mper = (Ol 

University, Sendai, Japan, Series I, Vol. XIV, No. 4. The pamphlet contaiy, 

three parts besides the introduction and the summary. In the introduetioy 

writer mentions the fact that there has been considerable researc) at 4, 

present time in regard to the effect of cold working and of subsequent Jy pi 


temperature annealing on some physical and mechanical properties of C0] son 
aluminum and their commercial alloys. In the introduction the writer aie - 
that the purpose of this article is to supply further data regarding the ey. 
ef cold working and low-temperature annealing on some physical and 

chanical properties of copper, aluminum and their commercial alloys. Pg) 
1 discusses the effect of cold working on mechanical properties and 


1d elect 
resistance. Part 2 considers the effect of annealing on the electric resista; 
and mechanical properties of cold-worked metals. Part 3 treats of the efor 
of annealing on the length of cold-worked metals. 

The pamphlet contains 34 pages and 7 plates, including a number 


tables summarizing the results of the writer’s experiments. 


WORDS, STUDY; THEN MANGANESE STEEL. By Sir Robert Ha 
field, British metallurgist, in Jron Trade Review, December 10, 1925, page 1464 ; 

This is the third part of a paper by Sir Robert Hadfield. In this part t am 
writer tells how he was led to study the alloys of iron with other elements , | 
by translating a pamphlet of the Terre Noire Co. when he was visiting t! 7 
Paris Universal exhibition in 1878. He describes his association with Fren 
metallurgists from that date, leading up to his discovery in 1882 of the met 
of making manganese steel. He emphasizes particularly his relations with | 
late M. Floris Osmond, to whose early work ‘‘ the science of metallurgy owes 
undying debt of gratitude.’’ Osmond received the Bessemer gold medal! of t 
[ron and Steel Institute in 1906, 


RELATION BETWEEN HEATING VALUE OF GAS AND ITS US! 
FULNESS TO THE CONSUMER is the title of Technologic Paper No. *! 
of the Bureau of Standards. The author, E. R. Weaver, is a chemist ass 
ciated with the Bureau of Standards, and the book consists of a critical revie" 
of the published data. It is divided into three sections as follows: 

Section 1, the introduction, describes the sources and discusses the char 
acter of the available information which bears upon the subject. There ar 
two classes of data, (1) direct observations of the useful effects obtained from 
the utilization of gases of different qualities in the appliances in commo! 
use, and (2) statistical data showing changes in the quantity of gas use 
which accompanied changes in heating value. 

Section 2 summarizes briefly the data of the first class and gives som 
discussion of it. 

Section 3 summarizes and discusses the general significance of the ™ 
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19 0 


» presented in Section 2. It is generally agreed that in all kinds of 


formation } 


mmercial appliances the potential heat of the gas is used with substantially 


oqual efficiency, whatever the other properties of the gas may be. 
| section 4 gives the statistical data bearing upon the subject. It is found 
at within the limits which could be expected, the volume of gas used by a 
community is inversely proportional to the heating value of the gas supplied. 
Soetion 5 discusses the statistical data in general and points out the 
application of the facts established to standards and rates. 
lhe book is paper covered, 7x10 inches in size, and contains 463 pages. 
"he 


n subseription. It is sold only by the Superintendent of Documents, Govern- 


price is 30 cents. The price of volume 19, of which it is a part, is $1.25 


ment Printing Office, Washington, D. C. 

EFPRECT OF HEAT OF BRONZE WELDING ON CAST [RON PIPE. 
uy A, R. Lytle, Union Carbide and Carbon Research Laboratories, Inc., Long 
island City, N. Y., in Acetylene Journal, January, 1926, page 325. 

This paper was read before the Twenty-sixth Convention of the Inter 
ational Acetylene Association, held at the Congress Hotel, Chicago, November 
i 1925. Aecording to the writer, the most important application of bronze 
welding of cast iron and steel has been in connection with cast iron welding, 
particularly in the construction of pipe lines. In welding cast iron pipe, the 
main advantages of this process over that of actual welding with a cast iron 
welding rod are, first, the shorter time required for the weld, second, the lower 
temperature at which the welding proceeds, and third, the fact that the strength 
of the bronze is greater than that of the cast iron. In the bronze welding 
process there are two types of cast iron pipe used, one the sand cast pipe and 
the other a centrifugally cast pipe. The latter type is the better of the two. 
Occasional failures in the application, testing, laying and use of these bronze 
welded pipe lines have occurred, and various theories have been advanced as 
to the cause of these failures. This article deals only with the theories that 
depend on the structural changes that occur in the cast iron due to the heat of 
the applications of the bronze. A brief description is given of the various 
constituents of cast iron to which reference is made in the article. Three 
mixtures are considered: ferrite and pearlite; all pearlite, and pearlite and 
free cementite. The usual result of heat treatment is to affect principally the 
ondition of the combined carbon in the pearlite, possibly transforming it to 
sorbite or the other variations that occur in steel. Another important constit- 
ient of cast iron is phosphorus, but this is not affected by heating. The 
ifference between the sand cast pipe and the centrifugal cast iron pipe is de 
scribed in a general way, and the changes in structure produced by welding 
with east iron and with bronze are discussed. Cast iron welding of sand cast 
pipe is considered first, followed by cast iron welding of centrifugal cast iron 
pipe, bronze welding of centrifugal cast iron pipe and bronze welding of 
send east pipe. In welding sand cast pipe with cast iron it was found that the 
heat affected base metal tended to be stronger and stiffer than the original 
metal. In welding centrifugal cast iron pipe with cast iron, it was found that 
‘be weld metal was the same as in the previous case. The changes in the 
carbon tended to inerease the strength of the pipe. In bronze welding of 
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centrifugal cast iron pipe the structural change due to the heat 

of a solution of the cementite and its precipitation as sorbite. In 

east pipe with bronze several things were noted that were not obs 
centrifugal cast pipes. The bronze often penetrated the cast iron | 

of 1/20 of an inch and appeared in masses in the cast iron. In 
specimens examined, a crack (shown in an illustration) was found 
writer believes that such cracks may be the cause of some of the fail; 
have occurred in bronze welded sand east pipe. The following 
were drawn from the writer’s experimental study of the changes that }y F 
been observed to occur in cast iron pipe when welded with cast 


iron and 
bronze. First, neither cast iron nor bronze welding of the usual cast iron »; » MA 


has any deterimental effect on the structure of the base metal. Second. / . 
possible that in cast iron high in phosphorus, the bronze welding operatioy sme 
may weaken the material sufficiently to lead to failure, though this is doubtty B's 
Third, inasmuch as both cast iron and bronze welding make the material at thy: 
point stronger, it is natural that many of the failures should occur just outsi 


these altered areas. Fourth, it may well be that some of the failures that | 


ray ; ! 

occurred have been the result of surface cracks or defects in the origing he 
metal. The influence of these defects may be emphasized by the welding 

operation. : 

Numerous photomicrographs show the structural changes produced in the ir 2 

in the different processes of welding. a 
RESULTS OF TESTS IN MANGANESE STEEL. By Sir Robert Had 

field, British metallurgist, in Iron Trade Review, December 24, 1925, page 1597 i 


This is the fourth and concluding part of a paper read before the Fren¢ 
Congress of Chemical Industry in Paris, October 5, 1925. The writer states 
that by appropriate heat treatment, manganese steel can be made hard an 
magnetic at the same time, and also undergo important changes in micro 
structure. If, on the other hand, instead of being specially heat treated 
manganese steel is produced in the form of a tensile test bar and broke 
the hardness in the vicinity of the fracture is found to be increased while 
material still remains nonmagnetic, or has only a slight increase in its specifi 
magnetism, and does not change its constitution in any way. The writer gives 
the data of his experiments in his study along this line, with photomicro 
graphs of different specimens of steel used. There is also a table giving th 
exact composition of the various specimens referred to. 

GASES IN METALS, II. Scientific Paper of the U. 8S. Bureau o! 
Standards, Number 514. The Determination of Oxygen and _ Hydroge 
in Metals by Fusion in Vacuum,’’ by Louis Jordan and J. R. Eckman, chemists 
of the Bureau of Standards. The pamphlet contains 38 pages and 5 sections 
as follows: 

I. Introduction; II. Review of Methods for Determining Gases in Metals; 
Ill. Development of the Recommended Procedure for Vacuum [Fusion 0! 
Metals and Determination of Evolved Gases; IV. Detailed Procedure Adopted 
for the Determination of Oxygen and Hydrogen by Vacuum Fusion in Graphite; 
V. Summary. 

Nearly all metals contain small amounts of oxygen, hydrogen, and nitrogen 
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differences in quality of metals not attributed to differences in com- 
or to different physical treatments, are supposed to be due to the 
the metals. 
determining oxygen in metals have not been available. 


Vian) 


poslllonuy, 
sn in Satisfactory and generally applicable 
F methods for By their 
‘mental studies the authors have developed a new vacuum fusion pro 
for the determination of oxygen and hydrogen in metals. The method 


‘cable to the accurate determination of oxygen in pure iron, steels, cast 


‘ 2a)? 
presence of gases 







( xper 





S cedure 
is app! 
-ons, and pig irons, and also in many nonferrous metals and alloys. 






; , CONSIDERATION OF THE ANNEALING OPERATION IN THE 
: \ALLEABLE FOUNDRY By C. J. McNamara and C. H. Lorig, Milwaukee. 
This paper was presented at the annual meeting of the American Foundry 








nen’s Association, Syracuse, October 5 to 9, 1925. The authors present the 
men S 445: ‘ ’ . ’ 
sults of data secured by experiments which were carried out with the object 


obtaining some Rnowledge of the rate at which iron graphitizes. 
























NICKEL AND NICKEL-CHROMIUM IN CAST IRON. By T. H. 
Wickenden, New York City and J. S. Vanick, Bayonne, N. J. . 
The above was presented at the annual meeting of the American Foundry 
men’s Association, Syracuse, October 5 to 9, 1925. Investigation has been made 
of the effects on the properties of grey iron and nickel and of nickel-chromium 
ditions. The authors deseribe some of the results of this investigation and 


iseuss the commercial applications of nickel and nickel-chromium cast iron. 








MAKING HIGH-GRADE STEEL—II. By John A. Coyle, in Jron 
Trade Review, December 24, 1925, page 1592. 
Part one of this article appeared in the issue of December 17. In this 


second part the writer considers the elements entering into high-grade 





steel quality and service, dealing with such steels as were formerly known 
as ‘‘crucible-east tool steel, warranted.’’ 





The requirements of high-grade 
steel as regards quality may be summed up as follows: 















|. It should have proper carbon content. 
2. it 
a 2 
1. It 
). It should take proper hardness and drawback. 

6. It should stand up properly in work. 

i. It should allow reforging and rehardening until completely used up. 


should be free from chemical impurities and physical solids. 
should permit easy handling by a blacksmith or heat treater. 
should forge without cracking. 


\s regards service in connection with high-grade steel, service hours consti- 
tute & proper measure of tool steel performance. 

The buyer ean be sure of getting steel of good quality by contracting 
for the required steel supply with a reputable firm. The buyer should carry 
reasonable stocks and send in sizable orders, all the time bearing in mind 
that quality of steel is preferable to low price. 










The writer gives a typical 
example of how a small order operates, bringing out the point that by better 
co-ordination between the customer and the steelmaker, better steel could 
be made at a lower price. 








TESTING METALS FOR AIRCRAFT. By N. 8. Otey, engineer of 
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demand for weight-saving. 
supplying this knowledge. 


gage width-thickness ratio. 
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The results of two typical series of this investigation 
Series A represents check tests made on three types of specimens found | 
be the most favorable for the range of sheet thicknesses covered. Results 
are shown in a table which gives (a) sheet thickness in inches, (b) per cent 
of elongation in a 2-inch piece, and (c) ultimate stress, pounds per squar 


A, 


8. 


tests, Naval Aircraft Factory, Philadelphia, in Iron Age, Decem} 
page 1660, and December 31, 1925, page 1797. 
The first part of this article deals with the selection of re) 
samples, the proper design of test specimens and methods of load 
According to the writer there is no other industry requiring mo 
knowledge of metals than the aircraft industry, due to the eve, 


Physical testing is the most activ 


(2) maintaining complet: 
information from raw materials to finished metals, and (3) establis} 
standard methods of sampling which will insure reliable knowledge of ¢, 
metals furnished. The effect of the geometric shape of the specimen 


in testing upon the results of the tests is important. 


as to the best type of tensile specimen to use for testing duralumin sg} 


neet 


T. 


In the selection of representative samples t} 
most important actions to be taken may be summarized as f; 
maintaining uniform mill practice; 


1 


ry 
WS! | 


Ss use 


historical 


Lili? 


When preparations 


are ive 


were being made for the construction of the American girs) 
‘*Shenandoah‘‘ at the Naval Aircraft Factory, there was an investigatio 


Series B represents tests intended to show the effects of varying th 


These results clearly 


Specifications are given under the following headings: 


Sampling and Chemical Analysis 
Preparation of Test Specimens 


Tensile Specimens, Bend Specimens, Impact Specimens 
9 3 


Physical Properties 
Testing Machines 
Test Grips for Tensile Tests 
Tubing Tests 
Stress 

Proportional Limit 

Yield Point 





Ultimate Tensile Stress 
Elongation 

Reduction of Area 
Crush Tests 
Bend Tests 
Hardness Tests 


The results of these tests are shown in a tabl 
which gives (a) sheet thickness of specimen, (b) gage width, (c) W/’ 
ratio, (d) per cent of elongation in a 2-inch piece, and (e) tensile strengt! 
pounds per square inch, The same methods of alternate cutting, packing 
heat treatment and aging were used for both series. 
show that it is not true that the more nearly a rectangular specimen 4| 
proaches a square cross section the greater will be the deformation under 
tensile loading, which the writer considers to be the general beli 
Erroneous tests results traceable to methods of loading can usually bk 
attributed to one or more of the following conditions: (a) lack of positiv 
gripping, (b) misalinement, (c) tearing stresses, (d) speed of loading, and 
(e) calibration of machines. 

In the second part of this article the writer gives the new propose 
standard specimens and methods for testing light alloys in specificatio 
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ntati 

ling then News of the Chapters 

accurate 
CI present 

avent i! 
imples t STANDING OF THE CHAPTERS 
‘aaa | \ the January issue of TRANSACTIONS appeared the relative membership 

ag | standing of the 29 chapters of the Society as of November 1, 1925, and as 
ern f December 1, 1925. The tabulation which appears below shows the relative 
ive of the 0 ’ 


membership standing of the chapters on December 1, 1925, and January 1, 
nens used s 
1926. 
Cparations ; : . fii 
| _ Standing as of January 1, 1926 








Nl airshiy 








yestigatio: 


GROUP 1 GROUP LI GROUP I11 
















imin sheet |. Detroit (379) 1. Hartford (121) 1. Tri City (64) : 
are giver ’ Cleveland (371) 2. Lehigh Valley (107) 2. Los Angeles (61) 
8 found t 3 Pittsburgh (307) 3. Golden Gate (95) 3. Rochester (60) 

1. Results {, Philadelphia (293) 4, Syracuse (94) 4. New Haven (58) 
)) per cent 5. Chicago (280) 5. Milwaukee (88) 5. Woreester (53) 
per squar 4 6. Boston (234) 6. Cineinnati (74) 6. Schenectady (51) 
arying th = 7. New York (230) 7. St. Louis (68) 7. Washington (50) 
in a tabl ; 8. Indianapolis 8. Rockford (49) 
(c) W/1 : 9. Buffalo 9. Providence 

le strength, : 10. North West 10. Toronto 

g, packing, 11. Springfield 


ilts clearly 12. South Bend 





eclmen a} 





tion under Standing as of December 1, 1925 






ral belief 















GROUP I GROUP II GROUP III 


usually be 
















of positive 1. Detroit (388) 1. Hartford (123) 1. Tri City (65) 
ading, and 2. Cleveland (377) 2. Lehigh Valley (107) 2. Los Angeles (62) 
. Pittsburgh (308) 3. Golden Gate (92) 3. Rochester (59) 
W propose 4, Chicago (280) 4. Syracuse (88) 4. New Haven (55) 
pecificatio ). Philadelphia (264) 5. Milwaukee (87) 5. Worcester (52) 
6. Boston (235) 6. Cincinnati (74) 6. Schenectady (51) 
7. New York (222) 7. St. Louis 7. Rockford (50) 
8. Indianapolis 8. Washington (49) 
ecimens 9. Buffalo 9. Toronto 
10. North West 10. Providence 
ile Stress rs. Springfield 
12. South Bend 
Area ‘or December there was a net gain of 53 members, making a total net 
4 gain of 267 new members since September Ist. This is showing commendable 
§ progress and the records in the office give evidence of having it maintained. 
’ Group I—As was forecast last month, one enterprising chapter had 
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activities under way which would be evident this month. That ’ 
Philadelphia. Last month they had 264 members and were in 5t}; »). ol 
month they have 293 members and are in 4th place, 13 ahead of | 
year ago Chicago was in 2nd place with 279 members. 

Next month it is highly possible that another rearrangen of ¢] 
chapters in Group I will take place. The progressive Philadelphia js y) 
satisfied with its net gain of 30 members for December, go it; 
membership committee expects the gain for January to be as large; in whi, 
event if the other chapters stand still will put them ahead of Pittsburgh a 
right on the heels of Cleveland. 

Detroit, Cleveland and Pittsburgh all showed a loss for December. Detroi; 
showed a larger loss than Cleveland, thus enabling Cleveland to cut dowy th 
lead of 11, which Detroit had last month, to 8 this month. 

We must not overlook the fact that New York had a net gain of 8 
month, bringing up its total from 222 to 230. 

Group I1—Golden Gate and Syracuse are keeping ‘‘nip and tuck’? in posi 
tions 3 and 4, A very interesting contest is developing between these ty 
chapters, both having made a gain last month. All chapters in this gro, 
with the exception of Lehigh Valley showed a gain for the month. 

Group I1I—Providence with a net gain of 4 passed Toronto and occupies 
position 9. Rockford and Washington changed positions in 7 and 8. Mam 


of the other chapters showed slight gains but not sufficient to rearrange the 
classification. 
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BOSTON CHAPTER 





HROUGH the courtesy of G. H. Gilman, president of the Gilma 

Manufacturing Company, and J. M. Martin, assistant general manage 
of the Mead-Morrison Company, the January meeting of the Boston Chapter 
was held at the Mead-Morrison Company and Gilman Manufacturing Com 
pany plants in East Boston, January 8. 

Commencing at 3:30 p. m., about 125 members and guests registered 
in the Mead-Morrison cafeteria and were conducted through the various 
departments of the plants, including the heat treating departments of both. 
Many of the older members of the chapter had had the opportunity of see 
ing the rotary gas carburizing machine and other equipment at the Meat: 
Morrison Company on a previous visit, but few had seen the recently in 
stalled hardening room of the Gilman Manufacturing Company. 

One of the most interesting features was the Gilman heat treating 
machine, which automatically heats, hardens and tempers the cutting en! 
of rock drills. This machine, which is manufactured to be used in quarries 
and mines to harden drill bits, consists of a heating furnace equipped wit! 
automatic pyrometer control and a quenching tank, in combination with 
drill carriers that are actuated by a driving mechanism upon a stationa’y 
circular cam track. In operation, the rock drill, after being forged to th 
required shape, is placed on one of these carriers which automatically con 
veys it to the heating chamber, where the working end of the drill is sul 
jected to a heat to raise it uniformly to the correct hardening temperature. 
From the heating chamber the bit is automatically transferred to the quenc! 
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OV 


vhere its cutting and reaming edges are rapidly and uniformly 


no talib, 


by a jet of cold water, after which the drill, while still in the 


cooled 
eee tempers itself to provide shock resisting qualities, and is finally 
: ected from the machine. 

The machine automatically performs the entire operation of heat treat- 
the drill bit and to demonstrate the quality of the product, the visitors 


ne 
teed 


witnessed the testing of several of the drills which were inserted in a Gilman 
mounted hammer rock drill and bored 1% inch holes in solid Barre granite 
the rate of twenty-eight to thirty inches depth per minute. Many of 
those present saw possibilities of automatically treating some of their own 
product in a similar type of machine. 
Following a chicken dinner in the Mead-Morrison cafeteria, an address 
of welcome was given by Mr. Martin, of the Mead-Morrison Company, 
hich was followed immediately by a film showing the Mead-Morrison 
Bear’? tractor at work, in summer, pulling up trees and clearing land, 
in winter, keeping the King Edward Highway between Montreal ani 
Quebec open for automobile traffic. C. F. Reuter, of the tractor division, 
explained the film and stated that the working parts were all made froin 
alloy steel and heat treated. Another film was shown by Joseph Donohue, 
manager of the contract department, in which the coal handling equipment 
recently installed at Baltimore was in operation, ioading coal into vessels 
at the rate of 3600 tons per hour, 

A new feature was initiated at this meeting by Prof. G. B. Waterhouse, 
who had prepared three short abstracts from foreign technical journals, 
the Revue de Metallurgy (France), Stahl und Eisen (Germany), and Coal 
aul Iron Trade Review (England). The abstracts were enthusiastically 
received and Dr. Waterhouse has consented to present similar ones at some 
of our future meetings. 

Mr. G. H. Gilman, president of the Gilman Manufacturing Company, 
had on exhibition one of his latest hammer rock drills, and after he had, 
with the aid of lantern slides, explained the method of drilling rocks from 
several years B. C. to the modern times, he proceeded to disassemble and 
explain the manufacture, heat treatment and working of the different parts. 
The parts of this machine, many of which are alloy steel, are made with 
the precision of the finest instrument, and Mr. Gilman gave the details of 
the system which his company employed to control the material, machining 
operations, heat treatment and inspection of the rock drill parts. 

The speakers of the evening were given a rising vote of thanks and 
the meeting adjourned at 9:30 p. m., the majority of the members staying 
long atter the adjournment. This meeting, which was presided over by 
the chairman, J. M. Darke, was under the general direction of L. D. Hawk- 
ridge, chairman of program committee. H. E. Handy. 


BUFFALO CHAPTER 


The Buffalo Chapter held its December meeting on the evening of the 
lith, The meeting was ealled to order by the chairman, G. J. Armstrong. 
Minutes of the meeting of November 19 were read and approved. 
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J. H. Nelson of the Wyman-Gordon Company was at 


on 


tr 
as the speaker for the evening. | 
The talk was well illustrated by pictures touching upon Otten 
materials for forgings, grain flow of forgings, and some physi ro 
and characteristics of some heat treated steel. 
Discussion followed. 
Mr. Armstrong gave a few minutes talk on the Winter Sectional \, 


About 65 members and guests attended the meeting. ° 


CHICAGO CHAPTER 







A COMPARISON OF EUROPEAN AND AMERICAN METHODS OF STEEr, \I 
T. H. Nelson, Metallurgist Ludlum Steel Co. 


We hear a lot about the growth of the Society and its annual | 
vention and Steel Exposition but do we appreciate the source and caus 
this expansion? True, the Society and its activities satisfy a demand: | 
if we glance back over the record other technical societies have mad 
know that demand is not the one and only factor determining sucees 
failure. 

Article II of the Constitution tells us that the object of this Soci 
shall be to promote the arts and sciences connected with the treatm 
of steel. That the Society has grown is due in a large measure to the fy 
filling of that objective. Promotion in this sense cannot be construed { 
mean commercialization but rather promoting by the dissemination of 
formation and knowledge relating to the arts and sciences and by frater 
ism. Thus considered, we need look no further than the list of availa 
speakers to learn what contributes so generously to the growth of 
Society. 

























Among the foremost on such a list will be found T. H. Nelson, meta 
lurgist for the Ludlum Steel Company. Show me a technical speaker w) 
will more surely pack the house. In Chicago this month of January he was 
sufficient reason for the biggest dinner attendance of the chapter’s fisea 
year. There were 130 present at dinner. 

As told by Mr. Nelson, his subject was practically a history of his ow 
experiences in his life work on steel. In addition to being an authority, th 
speaker has that freedom of the English language and charm of personalit 
which will win over any body of men interested in steel. When he had 
finished there were those present who felt it necessary that they should 
stand up and go on record as having extremely enjoyed the lecture. Sue 
meetings as this one is what sells the society to its membership and thew 
connections. We look forward to having the pleasure of listening to M 
Nelson again for the third successive year. 

This meeting launched a series of coffee talks on radio which is ( 
manding so much attention from so many people. Mr. Lester of the QRS 
Music Company, Chicago, who manufacture the REDTOP tube, discussed 
some popular and technical considerations of the manufacture and use of 
the amplifying valve. He used samples to demonstrate the different steps 
in the manufacture of the tube in use today. J. A. Comstock. 
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CLEVELAND CHAPTER 


\¢ the December meeting of the Cleveland Chapter, held December 18, 


-» the ball-room of Hotel Winton, M. A. Grossmann was the speaker. 


Al 


Grossmann presented an illustrated lecture on ‘‘General Precautions 


Mr. 
Manufacture of Alloy Steel’’ which covered a number of topics of great 


‘nterest to all who are engaged in making or using these steels. Among the 
rious points diseussed were the effects of using different kinds and propor- 

various 

f scrap, melting practice in the open hearth and crucible processes, 


+} ns ol 


lofects in ingots and the inclusion of gases in steel. Photographs of steel 
mill equipment aided in explaining some of these subjects. Since this paper 


MAKING, by ij] probably be published in TRANSACTIONS, no attempt will be made to re 
a 7 neue completely. The talk provoked a great many questions from 
annual (‘yp © +e members present. 
and cause of The January meeting of Cleveland Chapter was a joint meeting of the 
demand; by  \.coviated Technical Societies, The American Society for Steel Treating join- 
ive made y 5. with the local sections of The American Institute of Mining and Metal- 
iy success ; senieill Engineers and The Society of Industrial Engineers to present ~Dr. 
ay Jeffries as the speaker. 
this Societ This meeting, which was held at 8:00 p. m. on January 22 in the ball- 
he treatment oom of Hotel Winton, was given under the suspices of the Cleveland En 
‘e to the fy ; ojneering Society. 
construed ¢ ‘ Dr. Jeffries is too well known to steel treaters to need introduction. His 
ation of jy » »yaper on this oceasion was entitled ‘‘ Engineering and Science in the Metal 
by fraterng : Industry ’’ and was based largely on the first annual Robert Henry Thurston 
of availabl » lecture which he delivered recently in New York before The American Society 
owth of « of Mechanical Engineers. 

The subject of metals in industry was first covered in a broad way, and 
elson, meta s the trend toward the use of a larger proportion of non-ferrous metals was 
speaker wl clearly shown, Dr, Jeffries presented his statistics so admirably that their 
juary he was proverbial dryness was not at all in evidence. In the second part of his lec- 
ipter’s fisea ture, the speaker considered the factors governing the properties of an alloy, 

especially discussing the hardness of steels and similar alloys, and explaining 
y of his ow the results of the most recent research work in this field. The lecture was a 
uthority, th ondensation of several chapters of technical literature on subjects of funda- 
f personality mental importance, and as such was packed full of valuable ideas. 
Vhen he had Of especial interest to Clevelanders was the reference to the recent con- 
they should tribution made to the science of metals by Mr. W. P. Sykes, Metallurgical 
eture. Suel Engineer, Cleveland Wire Works, Incandescent Lamp Department of the 
ip and their (ieneral Electric Co. and member of Cleveland Chapter. Mr. Sykes has recent- 
ning to Mr ly shown that an iron-molybdenum alloy containing about 22 per cent of pure 
molydenum, and no carbon, may be so treated that it will have a Brinell hard- 
vhich is de ness number of 531, being comparable to hard steels in this respect. This is 
of the QRS juite significant, as it makes necessary a revision of some commonly accepted 
e, discussed ideas in regard to hardness of alloys. 
and use of Dr. Jeffries’ lecture was well illustrated by lantern slides. 
ferent steps An informal dinner preceding the meeting was held in the hotel dining 


Comstock. room, A. S. Townsend, 
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DETROIT CHAPTER 


The January meeting of the Detroit Chapter was held 





lay, ¢ 
18th, at the General Motors Bldg. | 
The members were extremely fortunate in having Dr. H. . Willar 
of the Chemistry Department of the University of Michigan give om 
Coffee Talk. Dr. Willard spoke on Colored Photography and the meth ’ 
used to obtain colored photographs. In almost all camera work a i 
color process is used, but in the motion pictures two-color only is employe 
Dr. Willard described in some detail the manufacture of pa chromati 


and autochrome plates. These latter do not give quite as brilliant ¢o| 
as the former, but are more satisfactory to use. A number of pictures wey, 
shown illustrating two kinds of plates and the possibilities of 
photography. 


orir 
ALY 


The regular meeting talk was given by Francis F. Lucas on High 
lower Metallography. Mr. Lucas mentioned briefly the history of mic; 
scopy starting with Hooke in 1664. After a brief description of the labor 
tory and methods of preparing specimens, Mr. Lucas called attentio; 
‘‘empty magnification’’ and microscopic equipment in general. 

Mr. Lucas confined his remarks on microscopic equipment to classificatio, 
of objectives, color correction, numerical aperture and method to determin 
same, lense correction, and testing for correction in apochromatic obje 
tives. The lantern was used to illustrate these remarks, and pictures of 
steel at different magnifications and the same magnifications with different 
lenses quickly demonstrated the clear cut work resulting from proper hand 
ling of equipment. 

Pictures were shown over 5,000 diameters, and from these Mr. Lucas 
outlined his beliefs regarding austenite, troostite and martensite. HK 
noted that austenite decomposes into martensite and it may also transfor 


Why 
bill 


directly into troostite without passing through the martensitic stag 
Austenite satisfies the general conception of a solid solution. Sometimes 
it develops a cleavage structure which appears to decompose along 
crystallographic planes to troostite with carbide elimination. Again 
may precipitate ferrite in a perfect cubic form. Martensite develops 
readily from the grain boundaries of austenite and has a fine lamellae 
structure in most instances. Martensite found with a granular appearance 
may be due to two causes: (1) Partial decomposition to troostite; 
The needle is sectioned across plane of lamellae mentioned. 

A rising vote of thanks was tended Mr. Lucas for his excellent talk. 
F. P. Zimmerii. 


GOLDEN GATE CHAPTER 


The first regular meeting of the Golden Gate Chapter for the year 1926 
was held on January 13th at the Hotel Whitecotton, Berkeley, (aliforn! 
The dinner was attended by about 40 men and a dozen more dropped 10 
afterwards for the meeting. 

Promptly at 8 o’clock the meeting was called to order by Chairman Frank 
B. Drake, who described, for the benefit of those members who had not bee! 
present, the enthusiastic opening of the course on ferrous metallurgy. This 
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nurse Was organized and the first session held on Monday, the 18th of Janu 


ry, at Odd Fellows Hall, Oakland. There were over 60 present and three- 
a 9 * 


narters of these have already registered and paid their fees for the course 
q ‘ 


‘n full. Furthermore, a number of new members have been attracted by this 
work and we anticipate a very healthy increase in the size of the chapter dur- 
ing the ensuing year. Mr. Drake congratulated the Educational Committee 
on the initial success of their project and urged every one who could possibly 
do so, to register for the series. 

Fred Wight announced that arrangements had been made for the next 
regular meeting of the chapter to be in the form of a trip to the plant of the 
Columbia Steel Corporation at Pittsburg, Calif., which will undoubtedly draw 
an unusually large crowd. 

The usual announcements by the secretary followed, together with the 
news that we may possibly have the privilege and pleasure of a visit from 
our National President during the month of March. 

Mr. Drake then introduced the first speaker of the evening, H. 8. Taylor, 
metallurgist with Caterpillar Tractor Company. His subject was ‘* Pack 
Hardening and the Heat Treating of Casehardened Articles.’’ Beginning 
with a few words on the historical aspects of this process, Mr. Taylor dis- 
cussed the generally accepted theories from a physical and chemical stand- 
point. Mr. Taylor stressed the point that the term ‘‘pack hardening’’ in- 
cludes not only the creation of a case on the surface of the piece treated, 
but the subsequent heating, quenching, reheating, etc., without which no hard- 
ening can be obtained. He presented a number of samples showing the char- 
acteristies of the core and case at different stages in development and the 
various steps in the subsequent heat treatment, together with both good and 
bad examples of the final result. He concluded with a discussion of the vari 
ations in method of actual heat treating work and the equipment used. It 
was agreed that the subject had been presented in an unusually simple, 
logical and forceful fashion, to the real benefit of those present. 

The chairman then introduced Arnold Haase, Vice-President of the Jewell 
Steel & Malleable Co., San Francisco. The title of Mr. Haase’s talk—‘‘ Some 
Remarks on Malleable Iron’’—was sufficiently general to allow him much 
latitude. We therefore had the pleasure, not only of learning the elements 
of the manufacture of malleable iron and its variations, but a number of in- 
teresting illustrative stories concerning the difficulties and problems confront- 
ing the manufacturer of such material. Mr. Haase’s long and close connec- 
tion with malleable work made him the object of many questions and enabled 
him to answer them most interestingly for all concerned. 

The meeting closed with a vote of thanks to the speakers for a most in- 
teresting evening. D. Hanson Grubb. 


INDIANAPOLIS CHAPTER 


In the January issue of TRANSACTIONS appeared the report of the De- 
cember 9 meeting of the Indianapolis Chapter which was broadcast by radio. 
In order that the report of this meeting may be complete, we are pub- 
lishing the poem ‘‘Jerry Bender’’ in this issue, due to the fact that it was 
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received too late for publication in the January issue of Tran; 
MecKee’s poem read by him at this meeting is as follows: 


JERRY BENDER By Homer McKeEr 


Jerry Bender was a foreman back when I was just a kid, 
And somehow I still remember funny things he said and did. 
Chewed his share of black tobacco—had the most engaging x 
Wore a pair of iron-rimmed glasses—drank his beer and spit a mij, 
Always talked in terms of metals, whirly-gigs and dies and tools 
Always went around a-measuring everything with metal rules. | 
This man here was off a thousandth; wouldn’t fit, so out he went: 
Jerry figuring down his pay check to the minute and the cent. 
‘Nother one was wholly worthless—simply somehow wouldn’t do. 
Since his wife, he’d always lived with, found him ‘‘ goin’ out of try, 
‘*Men and metals,’’ Jerry told me one day sittin’ after lunch, 
Lookin’ round among the workmen, sort of sizin’ up the bunch, 
‘*Aint no different, I’ve discovered; most of them is just shop-run, 
Full of sand-holes, flaws and weak spots;—but I find ’em lots of fy) 
Take that fellow over yonder, sittin’ looking into space, 

Can you read his prison record from the pallor in his face? 

He’s no doubt got carbon content, but they broke him in the test: 
And you’ll have to get the warden or the judge to tell the rest.’’ 
Here old Jerry shut his bucket—shoved it back onto the shelf, 

Lit his pipe and, sighing softly, seemed to half forget himself 
‘*T’ve been working in machine shops now for nigh on thirty years 
And I’ve come to the conclusion what’s causing pains and tears 

Is the dread of loose inspection and of weak spots left somewher 
By the dubs that in their hurry somehow seem to never care.’ 




















































I ile 


Then he took the old newspaper that his grub had just been in 
And he pointed to a story with his finger gnarled and thin. 

To a story of a weakling, who had faltered, fainted—quit, 

And the cub who wrote the story made, of course, the most of it 
Told of much discussed reverses—bullet hole through office door 
Shrieks of women and detectives finding blood spots on the floor 
Every detail was well covered—all the story told at length, 
‘*Well,’’ said Jerry, smiling sadly, ‘‘ Just a lack o’ tensile strengt! 
Then he read one ’bout a flapper—just a foolish little kid, 

Half a baby—half a woman—not to blame for what she did; 
For her mother hadn’t told her and her old man didn’t care, 

So they took her somewhere distant and no doubt they left her the 
Tossed into the human scrap pile, lost forever to her kind 

Just a piece of precious metal that the world can never find. 


Presently the whistles started and the hour for lunch was through, 
And the workmen shambled slowly back to things they had to do 
But old Jerry Bender lingered, blinked a bit and said to me, 
‘Watch your metallurgics, youngster—be the man you ought to be.” 





Since that day I’ve met my trials, stood my share of stress and strain, 
Almost broke at times, but always—I have bended back again. 








MILWAUKEE CHAPTER 

The regular monthly meeting of the Milwaukee Chapter was held | 
January 11 at 8 p. m. at the Hotel Blatz. After some brief general bus 
ness Mr. Hellenburg of the Wilson-Maeulen Company gave an illustrated 
talk on ‘‘Hardness Testing Machines.’? The speaker discussed the Brincll, 
scleroscope and Rockwell machines, and also the file test. The Brine 
machine was described as being a reliable, rugged machine, but the stat 
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made that it was necessary to take two impressions if accurate 

to be obtained. The scleroscope is rapid and handy, but the care 

to prepare a proper surface and the variations in readings ob 

hy different sections of materials tested are disadvantages. Tho 

lid. Ro .well machine was described as being an efficient machine. It gives 


& smile excellent results on various kinds of materials and also leaves a permanent 
+ & mil cord, which is plainly visible and which an experienced reader can read 
me tool, k securatel} when inspecting material tested by the Rockwell. A file is quite 
9 went: satisfactory, but its real field is on carburized parts. The results obtained 
cent, © oro reliable in an expert ’s hands but are not to be depended upon when 
n't do, _ 


S Of true . : ° . 
anch, 7 Many interesting charts were shown, bringing out the fact that a great 


btained by a novice. 


unch. ™ variety of workable relations could be obtained and used to advantage, 


LOp-Tun, © ceh as Rockwell readings to depth of case. 
ts of fur A spirited discussion took place afterwards, and many questions were 


answered which cleared up the minds of those who had had unsolved ques- 
he test: tions regarding hardness. 
rest.’? 
If, 
self F. ‘ r . ony ‘ 
, m ore showing. N. F. Tisdale. 
\ Vears, ‘ , S 


ears NEW HAVEN CHAPTER 


There were about eighty people present at the meeting and twenty 


1 


the dinner, which attests to the growing interest the chapter members 


ewher 
: fhe regular meeting was held Jan. 15th at the Winchester Club. An 
informal dinner at The Graduates Club preceded. The latter was 


attended by twenty-two members and guests. 


, : Alfred J. Porter, Jr., of The Heppenstall Forge Co., Bridgeport, Conn., 
4) 

door = was the speaker for the evening. He prefaced his remarks with a picture 
floor film showing the manufacture of die blocks and heavy forgings. His talk 


was along very practical lines, and provoked spirited discussion. 
\s a comparison between New England practice and Mid-western 
d: » practice he mentioned that in the Mid-west three times as many treated 


e, © blocks were used as annealed blocks, and pleasantly inferred that New 
her there, 


trengtl 


Fngland was ten years behind the times, because the practice was in the 
7 reverse in the same proportion. 
That is where things began to break loose. It developed that there 
ag was every reason for the New England practice. It is a short run, job 
shop distriet, it produces forgings to very much closer tolerances than 
to be.’’ | are required in Mid-western practice; it produces smaller forgings; 
1d atrain. forgings which are more complicated in shape, and in no way resembling in 
ain, character the automobile forgings so largely produced in the Mid-west. 
Out of this argument another developed. We had as a guest, Mr. 
Puller from the Hartford Chapter, who, seeking enlightenment upon a 
metallurgical subjeet, came to New Haven. Anyway, he listened quietly 
for a long time to descriptions of how carefully drop forge dies were drawn 
on on a hot plate, and finally he wanted to know why they could not be drawn 
mae are ina salt bath. He not only wanted to know, but he was rather insistently 
The Brine persistent, all in the scientific pursuit of knowledge. He was ably backed 


t the stat s in this endeavor by Major Bellis. Between the two of them they had us 
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vas held « 


eneral busi 
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riding in circles. We had never tried the stunt because ou: 
never had tried it. However, we gave them soul-stirring 

how to perform the job on a hot plate. It was a kind of draw; 


attl 
nobody satisfied, and we have a feeling that this little disey * 
yet ended. 
By this time all of us were in form, consequently when Mr. Hamm 
of the Winchester R. A. Co. casually remarked that once (perhaps j, | 
twice) they had a treated block which was not so hard a few inches holy 


the surface as it was on the face, the entire gang from the Heppeng 
Forge Co. jumped on to his neck. There were bets exchanged rangiy 
the way from a ‘‘chaw’’ of tobacco to a million dollars. The 
was that the entire state, or rather the New Haven Chapter and 
will hold their April meeting in Bridgeport, making a plant visit 
Heppenstall Forge Co. Mr. Hammond is going to select any treated 
block in the plant, which will be marked and split before our 
‘*busted’’ somehow, ground and tested for hardness. The terms of th, 
bet are that the scleroscope hardness must not vary more than four poi 

Mr. Hermanson of The Bernum Forge Co., Bridgeport, won the »; 
on the attendance draw. 


v0 itcoms 


+ 
UCTS 


We were pleased to note the presence of R. S. Young, Metall 
for the O. K. Tool Co., Shelton, Conn. 


We looked around for Daniel I. Rogers, on the staff of The G. & ¢ 


Co.,, who recently became a member, but failed to observe him. Tha 


meeting alone was worth the price of a membershp. 

At this time it is proper to mention that even Tom Besom was stirr 
to make a speech—brief, to be sure, but pithy. 

The attendance was fifty-four. 

We certainly are much obliged, Mr. Porter. W. G. Aurand 









NEW YORK CHAPTER 

The New York Chapter of the American Society for Steel Treating ly 
its regular December monthly meeting in the assembly rooms of the \M 
chants’ Association of New York. The customary get-together dinner pr 
ceded the meeting. The speaker of the evening, J. H. Nelson, ot 
Wyman-Gordon Co., Worcester, Mass., presented an illustrated dissertati 
on ‘‘Flow of Metals in Forging.’’ The meeting was rather poorly 
tended, due to the close proximity of the Christmas holidays, and it is ' 
be regretted, as those members not present missed an interesting and Vil 
able contribution as presented by Mr. Nelson. 

Mr. Nelson discussed the application of deep etch testing in determin 
ing the quality of steel and detection of flaws. The application of t 


test in determining the effect of spongy and imperfect ingots upon bats 


forged from them was illustrated by lantern slides. The importance 


fiber and grain flow in forgings, such as crank-shafts, was illustrated ani 


discussed. 


Mr. Nelson called attention to the fact that acid carbon steel yields 
higher Izod values than a basic carbon steel of similar analysis, but tha! 
in the case of alloy steels the reverse is true, basic alloy steel yielding t! 


















dfat} - 
Ptlons 
batth 
nh 18 
Hamm 
(PS it was 
l ches be li 


v 


Heppenstal 


: ranging 4] 
Che 


and hea 
hs 


OutCOMm 


VISIC at Th 
treated 

‘© OUr eyes 

erms of the 
four poir 


nm the pr 
Mi tallurgis 


hie (y. & 0 


him. hat 


WAS Stirre 


le furand 


reating ly 
of the Mi 
dinner pr 
son, ol 
dlissertatior 
poorly At 
ind it is ft 


g and val 


n determin 
ion of this 
upon bars 

portance 


strated and 


steel yields 
is, but that 


vielding the 


NEWS OF THE CHAPTERS 





















d values. Neither Mr. 
y» an explanation for this phenomenon, For this reason basic alloy 


Nelson nor any of the members present 
are to be preferred for forging stock. Mr. Nelson stated that he 
eo » considerable experimental work in attempting to increase the 
7 ) values of acid alloy steel and had found that tempering to 1050 












rees Fahr. and quenching in water improved the values of acid alloy 
mB degrees aur. 

© tocl, but that even then the values were still lower than the basic alloy 
. SLeeCl, ) = . 
values. 


The condition resulting from cold working steel, such that its elastic 
limit is exeeeded in compression, which obscures the same property in ten- 
sion, or vice versa, Was discussed by the speaker. The use of a low tem- 
nerature anneal to correct this condition and its application in straighten 
, erank-shafts, ete., while they are still hot, was quite interesting. 


W. KE. Griffiths. 


ing 


PHILADELPHIA CHAPTER 


The fourth regular meeting of the year was held at the Engineers’ 








Club on January 8th, preceded by the usual dinner. 
Two very creditable papers were presented at the mecting, the ‘first 


hy J. B. Johnson, chief, materials section, engineering Division of the Air 









Serviee, entitled ‘‘The Responsibility of Metallurgy to the Development 
of the Aeroplane,’’ the second by Jordan Korp, service engineer, Leeds & 
Northrup Company, entitled ‘‘Procedure of Correet Hardening.’’ Both 
napers elicited some splendid discussion. 

- The Chapter had as its guest of the evening ex-President T, D., Lynch 
of Pittsburgh, and the members were indeed glad to hear from Mr. Lynch 


rain. 









\t a recent meeting of the Executive Committee of the Philadelphia 
Chapter it was recommended by President Bird, who was present at the 
meeting, that a Committee on Recommended Practices be appointed by the 
Chapter. Mr. Bird’s recommendation was concurred with by the Executive 
Committee, and Chairman Collins has appointed A. W. F. Green, Dr. Walter 
M. Mitchell and Dr. Geo. L. Kelly as members of this Recommended Prac- 
tices Committee, with the possible addition of another member later on. 

It is with extreme regret that the Philadelpha Chapter announces the 
sudden death on December 29 of James E. McGregor, manager of the Phila- 
delphia branch of the Crucible Steel Company of America. Mr. McGregor 
was for several years a member of the Philadelphia Chapter A. 8. 8. T. 















A, FE. Donovan. 
PITTSBURGH CHAPTER 

The Pittsburgh Chapter held its January meeting on the evening of 
January 7 in the U. S. Bureau of Mines Building. 

At 6:30 p. m. a supper was served in the cafeteria which was well at- 
tended by the members. This monthly supper is proving quite popular 
with the members as it affords an opportunity both to become better 
juainted with each other and to carry on informal discussions. 

At 8 o’elock, chairman O. B. MeMillen called the meeting to order in 
the auditorium. There was a short business session at which several com- 
mittee chairmen made reports of their respective activities. 
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The chairman then introduced the speaker of the evening, 


Dix 
Jr., metallurgist, research bureau, Aluminum Company of America. w 
subject was, ‘‘Some Recent Studies of the Structure of Aluminum anq ) 





Alloys.’’ 

In his introductory remarks, Mr. Dix said that, though his 
of a nonferrous nature, he believed that the workers in ferrous and yo 
ferrous metals had a certain community of interest in which both , 
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gain from the experience of the other, especially concerning th: 


S ib 1e( { 
dendritic segregation. 








The speaker then showed a number of views of his laboratory degey)) 





ing the various kinds of equipment and their purpose and operation, 

After this he explained in detail the equilibrium diagram of aluminy 
and copper advising his audience that the aluminum used in these dete; 
minations and the succeeding ones, was of unusual purity and might diffe, 
therefore, from other previous work. 

















A most interesting series of photomicrographs was shown on the sere 
of a selected spot which had been photographed at 5, 25, 100, 500 and 159 
diameters in such a manner that the same crystals could easily be recogniy 
from slide to slide. This was done in the as-cast, as-annealed 
quenched conditions. 

Mr. Dix then told of the usual impurities found in aluminum explai: 
ing in considerable detail the behavior of iron and of silicon and describing 
the appearance and tendencies of these inclusions with the aid of photo 
micrographs at suitable magnifications. 
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Another series of photomicrographs of aluminum was then shown 
very high magnifications, even up to 16,250 diameters. These proved just 











as interesting as they were unusual and caused a great deal of inquiry 
the discussion which followed the talk, especially as to the preparation o! 
the specimens to be used and the advantages gained by the very hig 
magnifications. 











In closing, Mr. Dix gave the compositions of a number of aluminun 
alloys which are now in commercial use. 

The general discussion which followed included many questions whic! 
were very ably and clearly answered by Mr. Dix. H. A. Neeb, J 





















ROCHESTER CHAPTER 


The December meeting of the Rochester Chapter was held on |) 
cember 8, 1925, at Mechanics Institute. 

R. S. Archer, of the Aluminum Company of America, was the speaker 
Mr. Archer’s topic was, ‘‘The Heat Treatment of Aluminum and Aluminum 
Alloys.’’ A lively discussion followed his talk. 

Monday evening, January 11, 1926, the Rochester Chapter held 1 
January meeting at Mechanics Institute. After an informal dinner, a short 
business meeting was held. 

Mr. Matthews, Chairman of the Rochester Chapter, called upon th 
different committees for a report. After a report of the committees, th 
speaker, C. L. Ipsen, was introduced. 
































The subject chosen by Mr. Ipse! 
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lise of the Electric Furnace in Heat Treatment.’’ Mr. Ipsen 

ve of the Industrial Heating Department of the General Electric 

ompany, and is thoroughly experienced in the construction of electric 

es rnaces. A number of slides were shown by the speaker, which were very 

aterestil », ‘These slides showed various sizes and types of furnaces, from 

me small tool hardening furnaces, to the large annealing furnaces. Mr. 

[psen also spoke of the cost of heat treatment, using the various fuels, gas, 

oil, and electricity. 

A large crowd attended, and after the talk, Mr. Ipsen was asked many 

estions, Which he willingly answered. C. F. Wattel. 


( 


ROCKFORD CHAPTER 


At seven o’clock Friday, January 15, the Rockford Chapter sat down 

the supper which precedes its regular meeting, and at eight o’clock, when 

the meeting was called to order by Chairman Hillman, everybody was in a 
receptive mood. 

The business of the meeting having been disposed of, Mr. Muehlemeyer, 
chairman of the Program Committee, was given the floor. He introduced 
T. Holland Nelson of the Ludlum Steel Company, giving a very compre- 
hensive history of Mr. Nelson’s long connection with the steel industry. 

Mr. Nelson, who started his career at a very early age in Sheffield, 
England, chose as his subject ‘‘A Comparison of American and European 
Methods of Making High-Grade Steel.’’ His many lantern slides of char- 
acteristic views of both foreign and home steel mills helped greatly in 
emphasizing the differences in practice. Mr. Nelson stressed the import- 
ance of the human equation ‘‘in the fabrication of high-grade steel, and 
the great danger to quality when tonnage was the goal of the steel manu- 
fecturer.’?’ He was greatly impressed with the mechanical equipment of 
the American Steel Mills, but felt that the tendency for the man who was 
responsible for the various steps, the furnace operator, the operators of 
the cogging mills and the rolling mills, ete., to lose personal touch with 
his steel and let the machine assume the responsibility, was apt to become 
tco pronounced, and high-grade steel men would disappear. Steel in all its 
phases must be handled with judgment, and machines are not judges of con- 
ditions. There are fine steels being manufactured on both sides of the 
Atlantic Ocean, yet there are many practices on each side that the other 
side could adopt advantageously. 

After his paper Mr, Nelson answered questions for the further enlighten- 
ment of his audience on specific points, and the meeting adjourned. 


Mr. Innes won the attendance prize which was donated by Mr. Aldeen, 
a member of the Chapter. R. M. Smith. 


ST. LOUIS CHAPTER 


The January meeting of the St. Louis Chapter was held at the 
American-Annex Hotel on the evening of the 15th. 

Our largest attendance in several years was on hand to greet M. A. 
Grossmann, metallurgical engineer of United Alloy Steel Corporation, 
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Canton, Ohio. 


facture of steel, after hearing Mr. Grossmann’s graphic deseri; 


giant industry, beginning at the scrap pile and ending with ¢] 


product. 


blooms and small serap; the small scrap naturally introduced ny 


into the melt. 


compared. 


Oxidation can harm steel far more than high phosphorus and sulphur. 
illustrated seams, pipes, hot tops, cracks, ete. 


plained to all a disputed point: decarburization of steel is not caused by 
annealing process but in the heating of the steel. 


The subject of the talk was ‘‘ Aluminum and Its Alloys.’ 
Mr. Archer stated, 
and automatic parts, and some few may possess, as relics of ; 
civilization, beer checks made of this metal. However, to the technica 
man, aluminum and its alloys are becoming more and more important 
materials of construction. 

Going fairly rapidly over the history of the metal and the reductio 
of the metal from its ore, Mr. Archer proceeded to discuss the properties 


of the metal. 


‘‘the value of ¢ 
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He gave an exceptionally interesting address ent 
Heat Treatment of Alloy Steel’’ illustrated with very fine lante; 
Mr. Grossmann’s talk dealt with the heat treatment in + 


ture of steel, and everyone had a much clearer conception o1 


Pictures illustrated the two main varieties of serap: croppir 


Various proportions of ferro-alloys and serap ar 
the crucible and electric furnace. The crucible process was described 
English clay crucible and the American graphite and clay ern 
100 pounds is the average heat for a crucible. 
are of many sizes but the smaller ones generally make more uniform } 


The advantage of split mol 
lies in the ease of coating the surface; a poor surface on the mold leaves 
poor surface on the ingot. Pictures gave a clear idea of the va 
of hot tops, and the reasons for pipes and surface cracks. There must be , 
proper rolling practice for each kind of steel; a 0.30 per cent carbon ste 
can take more reduction than at 1.00 per cent carbon steel. 


The inspec 
of steel consists of chippin i 


grinding, etc. Mr. Grossmann 





SYRACUSE CHAPTER 
It was indeed an interesting and entertaining talk that R. 
of the Aluminum Company of America gave to the Syracuse Chapte: 
the American Society for Steel Treating at its meeting on January 1st! 
The local chapter of the 





American Chemical Society 
Treaters for the evening to form what Mr. Archer was pleased to ca 


‘‘his very intelligent audience.’’ 


aluminum 


An interesting use illustrating the vigorous reactiveness 
of aluminum is the aluminum thermit cartridge introduced by the Germans 
These are used to heat up soldering irons very rapidly, and, althoug! 
aluminum is rather expensive as a fuel, ‘‘consider,’’ said Mr. Archer, 
1 plumber’s time.’’ the formation of 
film which resists penetration, aluminum is highly non corrosive, and this 
property adds greatly to its serviceability. ) 
make it important are its lightness and strength. 

Aluminum forms alloys, mostly compounds, with nearly 


But the chief properties whic! 
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he most important of these alloying elements are copper, silicon, 


ments. 4 


ne, and magnesium, and various combinations of. these elements are 


od to produee alloys best suited for various purposes. Some of these 
ae may to some extent have their properties improved by heat treat 
ment | manner similar to the heat treatment of steel. Lantern slides 
vere shown of an aluminum copper alloy in the cast and in the heat 


treated conditions. Other slides gave figures for the physical properties of 
-he various alloys as sand-east, chill-cast, die-cast and forged. Figures 
an also shown comparing the strengths of steel and aluminum alloys. 
in conclusion, Mr. Archer stated that because of their strength and 
‘ichtness, aluminum alloys are being used extensively by the Navy in its 
attempt to preserve its power and still keep within the limitations of 
‘he disarmament treaties which specify maximum tonnage. The substi- 
tution of aluminum and its alloys for the heavier metals formerly used for 
nany parts allows for an increase in weight in guns and projectiles. 


P. Peskowitz. 





TORONTO CHAPTER 


The Toronto Chapter of the American Society for Steel Treating held its 
first regular meeting of this year on the evening of January 22, in the Day 
Building, 124 Richmond St., W., and elected for the ensuing year the follow- 
ing officers: Chairman, J. W. McBean, of the Central Technical School; 
Secretary and Treasurer, A. G. Davis, of the Consumers Gas Co.; Executive 
Committee, W. O. Oliver, of the Steel Co. of Canada, Ltd.; H. C. Thomas, of 
the H. C. Thomes Co.; W. J. Blair, of the Canada Cycle & Motor Co., Ltd.; 
J. A. Dow, of the Acme Serew & Gear Co., Ltd.; H. H. Davis, of Production 
Materials, Ltd. 

The program for the evening included a brief introduction to the struc 
tural changes in carbon steel of varying percentages. 

C. J. Atkinson, metallurgist, of Production Materials, Ltd., Ontario, 
presented a paper on ‘‘ Practical Carburizing—Its Problems and their Solu- 
tion in the Light of our Present Knowledge.’’ 

The discussion following the presentation of the paper was very keen. 
A. G. Davis. 


TRI-CITY CHAPTER 


Carl E, Hellenberg, engineer for the Wilson-Maeulen Co., Detroit, 
Michigan, addressed the Tri-City Chapter of the American Society for Steel 
Treating at the January meeting held last night at the Davenport Chamber 
of Commeree. His subject was ‘‘Hardness Testing.’’ The test for hard- 
ness can be made on engineering materials without destroying the piece. 
Vonsequently it is a favorite test for the inspection of a product. Practi- 
eally all of the steel parts used in the manufacture of an automobile are 
subjected to the hardness test before the part is passed. The four prin- 
cipal means of testing for hardness are the file, Brinell test, Scierescope, 
and Rockwell test. The file is the old time method for hardness testing 
and is still extensively used, The sclerescope determines hardness by means 
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of the elasticity of the material. A diamond pointed hamme: 
from a fixed height on to the piece to be tested and the height of 
measured. The higher the hammer rebounds, the harder the m 

The Brinell and Rockwell testers depend upon the indentat 
ciple. A given load is applied to a small ball or diamond poi: 
depth or width of the impression is measured. The smaller the |; ' 
the harder the material, and this serves as a means of determining the hara. 
ness number. 

The Rockwell test is one which has been developed during the past 
five years and is rapidly coming into universal use. The Rockwell is 
American made and designed machine and is beginning to be recognized | 
the most satisfactory machine for hardness testing. Until the dey lopment 
of the Rockwell tester, the Brinell tester was by far the most popular as 
well as the most accurate means for determining hardness. It was desiones 
by Dr. Brinell of Sweden about twenty-five years ago. 
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WASHINGTON-BALTIMORE CHAPTER 





At the January meeting of the Washington-Baltimore Chapter Dr. §, | 
Hoyt of the Research Laboratory of the General Electric Company discussed 
the present state of our knowledge of ‘‘ Metallic Single Crystals.’’ 

Prior to the presentation of the above paper, P. E. McKinney, Chairman 
of the Chapter, gave a short summary of a recent executive committee meet 
ing, at which National President R. M. Bird discussed with the committee 
members various matters concerning closer bonding of the various chapters 
to each other and to the national office with the object of increasing th 
degree of mutual help and understanding; also relationships of the Society 
to other national technical bodies. 

Dr. Hoyt brought forward the question of why single crystals should kx 
studied particularly in view of the fact that there is only one instance of 
their commercial application. He pointed out, however, that so much mental 
effort was wasted as a result of theorizing upon the properties of metals, that 
if this waste alone could be eliminated there was ample justification for th 
interest of the scientist in these fields. 

The single crystal, as is generally known, differs from the average com 
mercial metal in first that the former is all of one lattice orientation (tl 
atomic arrangement being continuous and parallel throughout) while the latter 
is approximately isotropic due to the crystals being so numerous and so small 
and of so varied orientation, and second in that the former does not possess 
those peculiar properties of the latter that are due to the atomic spacing ant 
forces at the surface of the many crystalline units. The fundamental prope! 
ties of a given metal can obviously be known only through a knowledge of 
the properties of the individual crystals of which it is constituted. That great 
divergence may exist between the properties of single crystals and of poly 
crystalline aggregates is shown by the fact that ordinary pure zinc is & 
tremely brittle while the single crystals constitute perhaps the most ductile 
of metallic materials. 
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erystals have been produced by a variety of methods, a number of 
re enumerated as follows: 

(a) Tammann’s single crystals (in this case of bismuth) were pre- 
pared by placing pure metal in a glass iube closed at one end, melting 
the metal in a suitable heating device and causing the melt to solidify 
very slowly beginning at the closed end of the tube. 

(b) The Czochralski method consists in causing a drop of molten 
metal to adhere to the end of a suspended small iron rod or glass 
capillary and then by a controlled motor drive causing the rod or tube 
to travel upward from the surface of the molten metal at a velocity 
less than the natural rate of erystallization. The metal rising from 
the surface of the mold is chilled by a stream of hydrogen. In this 
process the orientation of each crystal may be adjusted by starting 
with a small chip of a single crystal set at the desired orientation, at 
the end of the glass capillary or iron rod. 

(ec) The method of Carpenter & Elam involves the production of 
single crystals by the development of abnormal grain growth. The 
method is especially applicable to pure aluminum. It is carried out by 
straining the poly-crystalline metal a certain small amount and an- 
nealing under conditions particularly suitable to extreme grain growth 
in the metal being investigated. This method is not productive of 
single crystals in every instance. In the case of aluminum it is ap- 
plied by straining to about 1 per cent permanent deformation and em- 
ploying an annealing treatment involving a very slow rise in temper- 
ature beginning at about 400 degrees Fahr. (the minimum temperature 
of reerystallization for aluminum). 

(d) The method of Bridgman employs a container the material of 
which depends upon the melting point of the metal; this is bored out 
to a shape approximately that of a sharpened cylindrical pencil. A 
bar of the metal is machined to similar shape but with sufficient clear- 
ance to allow for expansion up to the melting point, and is then placed 
in the container. The two are then heated until the metal becomes 
molten at which time the container is permitted to descend slowly out 
of the bottom of the furnace. The success of the method is dependent 
upon the adjustment of the taper of the tip and the rate of travel 
of the container through the furnace. In applying this method to 
copper, a molybdenum wound furnace is used and the hydrogen neces- 
sary for its operation as well as the graphite crucible employed assists 
in the purification of the copper pencil that is melted. With a mini- 


mum speed of about % inch per hour single crystals are obtained in 
almost every instance. 


(e) In the Pintch process which has been employed for tungsten, 
pure metal powder in paste form is squirted through a small die and 
then through a furnace at about 2500 degrees Cent. at a rate suitable 
for the formation of single crystals. 

(f) Both Koreff and van Arkel have built up single crystals by 
heating a Pintch crystal of tungsten in an atmosphere of WCl, at 
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1600 degrees Cent. The chloride is disassociated depositin 
upon the Pintch crystal; the process is carried out at suitah 
pressure to avoid too rapid deposition. The result is a sj) 
of large dimensions. 

(g) Alterthum heated tungsten rod to 3000 degrees Ce 
trie current and passed hydrogen with a controlled amount of moistyy, 
over the rod. The hydrogen reduced the intergranular impurities 9 
rate controlled by the moisture content of the gas and the removal oj 
these impurities permitted exaggerated grain growth to take plac 
sulting in the formation of single crystals. 

The process of crystallization is thus seen to consist of parts, 
nucleiation and grain growth; if the competition between them can be controlled 
then it is possible to produce either single crystals or poly-crystalline masses 
at will. The orientation of single crystals produced by these various methods 
may be determined by X-ray analysis, by reflection of light from etched gy, 
faces, or by the study of etching pits, cleavage faces or pressure figures, Th, 
metals that have been studied are zinc, aluminum, iron, tungsten, molybdenun 
tin, bismuth and copper, but Dr. Hoyt confined his talk principally to th 
properties of the zine crystals, as these are most interesting and explain th 
general features found in all of the other metals. 

In the early work by von Gomperz it was found that some single crystals 
of zine would fail with only 2 per cent elongation at rupture whereas others 
would deform to 500 per cent and frequently more. In general the purest zi: 
yielded the most ductile crystals, but the results were also affected by th 
temperature of the metal and the rate of solidification. The work of Mark, 
Polanyi and Schmid demonstrated that the problem was largely one of orients 
tion and that impurity in the zine only affected the results indirectly by 
tending to orient the crystals in the least favorable direction for the develo 
ment of ductility under tensile stress. Zine crystallizes in the hexagons 
system but practically all slip takes place on the basal plane of the crystal, 
the atom spacing being closest on this plane and adjacent planes being farthest 
apart and held together by the smallest forces. Regardless of the initial 
angle of this basal plane, it swings upon application of stress until the angl 
between it and the axis of stress is approximately 10 degrees. At this point, 
rupture occurs. Thus, if the basal plane is initially 80 degrees to this axis, 
there is great ductility whereas if the initial angle is 20 degrees ductility 1s 
slight. At the same time as this action occurs in the line of stress, the basal 
planes rotate tending to place the nearest prismatic trace parallel to the axis 
of stress. It is thus apparent that atom movement and bodily shifting 0! 
planes of atoms are purely geometrical in character, and such considerations 
‘an fully answer all questions of deformation in these single crystals. 
Usually, although not in every instance, fracture oceurs by cleavage along th’ 
prismatic plane after the basal planes have reached the position noted abov 
This prismatic plane does not function as a true slip plane, but at times th 
prismatic blocks bend and the bend thus formed travels along the plane pro 
ducing what is described as ‘‘after-elongation.’’ Before this action occu’ 
the crystal has become a rather flat ribbon of elliptical cross section; 
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‘after-elongation’’ tends to produce a decrease of width and an approach 
the original eylindrical form. In one instance this ‘‘after-elongation’’ 
» 1700 per cent stretch. 


to 
amounted U 

All of these actions were illustrated in detail by slides and diagrams. 
There were also shown stress-strains diagrams of poly-crystalline zine and 
single crystals of zine, the latter in both the brittle and ductile types. Al 
though the yield point of the brittle single crystals is higher than that of the 
ductile single erystals both are extremely low in relation to that of poly- 
ervstalline zine. 

[t is possible to compute the initial resistance to shear on the basal plane 
and this is found to be about 100 grams per sq. mm. In the final position 
of 10 degrees to the line of stress, the shear strength is increased to about 
1000 grams per sq. mm. This is therefore a quantitative measure of the 
legree of hardening by cold work; the reason for its occurrence has not been 
satisfactorily explained. If a series of single crystals having various angles 
between 10 degrees and 80 degrees between the basal plane and the line of 
stress, are pulled to the 10 degree position at room temperature and then 
ruptured in liquid air (at which temperature the crystal is brittle), it is found 
that there is an increase of strength with increased amount of slip and not 
only is there an increase in strength on the basal plane which is the only one 
on which slip has occurred, but also an increase in strength on the prismatic 
plane and in fact along planes at any angle to the planes of slip. The chisel 
fracture of copper is due to slip on two sets of planes which have moved 
simultaneously to similar degrees. Slip is slightly greater on the one set that 
started first because slip on the first set has strengthened the bonding be 
tween the second set. 

The general principles are thus advanced that slip takes place on the 
highest populated planes in a crystal and in the highest populated direction 
in those planes and also that there is competition in slip between different 
sets of planes. Regardless of the amount of slip the atomic arrangement re 
mains quite similar to the original although undoubtedly some slight change 
has occurred; it is not however, readily apparent. Slip is understandable on 
the basis of geometrical principles, but the strengthening effects have not yet 
been accounted for. 

The amorphous metal hypothesis postulates that slip produces an amor- 
phous layer (irregular atom arrangement) on elip planes, but from the fact 
that strengthening oceurs on planes at an angle to the basal planes of zine 
4s rapidly as on the basal planes themselves, it is apparent that this theory 
cannot apply to the present series of phenomena. 

The elastic after-effect also adduces new facts. Von Wartenberg in 
1918 showed that in both tungsten and zine after elastic stressing, the original 
state of poly-erystalline samples is not fully regained even after a period of 
thirty-six hours at room temperature, whereas in single crystals less than one 
minute is required. He assumed that below the elastic limit, in poly-crystalline 
materials, some erystals were strained plastically and some elastically and 
upon stress release, the latter forced the former to return to their initial 
positions in aecord with the Heyn theory. This local over-stressing even be- 
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low the elastic limit caused balanced stresses of tension and ¢o) 
exist in every poly-crystalline metal. The assumption is supp 
low elastic limit of single crystals and has recently received addi 
firmation by certain X-ray studies. This theory casts new 
ordinary concepts of elasticity and fatigue. 

In the discussion, it was brought out that single crystals of j; 
formed by controlling the rate of cooling through the transformation point 
(A-3) from the gamma to the alpha modification. Considerable attentioy 
also devoted to the properties of single crystals at elevated temperatur: 
the details of the reaction that all this work on single crystals must |\aye UDOT 
our understanding of the elastic properties and plastic deformation of mot, 
and the laws of grain growth, even to the point of causing profound chang 
in present methods and terminology in metal testing. The ‘‘slip obstruction’ 
theory of Ludwik was discussed in the light of the recent single crystal work 
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The regular January meeting of the Worcester Chapter took plac 
January 7, 1926, at the Hotel Warren. Luncheon was served at 6:30 P. \ 
to thirty members. 

The speaker, Dr. Egeberg, metallurgical engineer for the Haleomb Ste 
Company, Syracuse, N. Y., chose as his subject ‘‘Alloy Steels for Machin 
Parts.’’ Dr. Egeberg discussed the great advance in the use of such steels 
during the past twenty-five years, and the part the electric furnace has played 
in the development of these products. 

High manganese steel, its composition, manufacture, heat treatment ani 
uses were reviewed. The difficulties of the foundrymen making castings of 
this type for machine parts were pointed out. The speaker showed how th 
physical properties of both forged and cast manganese steel were impro 
by various heat treatments. 


Nickek and chromium-nickel steels were next considered. The commot 
analyses were discussed, the types best suited for the work involved and th 
various heat treatments used to bring out the properties of the types. A! 


example of how the physical properties of a 0.35 per cent carbon, 10 
per cent chromium, 4.5 per cent nickel steel may be varied by heat treatment 
to meet special requirements was shown. 

High chromium steel of the stainless type has been extensively adopted 
by the cutlery trade. The manufacture of this steel has been made possibl 
by the production of a low carbon ferro-alloy of chromium, This steel has 4 
wide possibility of uses where corrosion is to be eliminated. However, tl 
great need in the steel industry is the development of a low cost steel of the 
same properties of rust resistance. In this respect stainless steel is too costl) 
for general use. In a series of tests conducted by Dr. Egeberg, the rate 
corrosion of an annealed piece was less than in its hardened and drawn © 
dition. This is the reverse of the generally accepted reéommendations fo 
maximum resistance to corrosion. 

Many interesting questions were answered by the speaker during th 
general discussion which followed the talk. E. D. Clar' 
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‘or Machin RuerrNeR GEORGE, (A-11), salesman, Vanadium Alloys Steel Co.; mail 869 
such steels Layton Blvd., Milwaukee. 
+ has played RuLMorE, H. Ross, (J-12), assistant, research department, Simonds Saw & 
Steel Co.; mail 39 Lewis St., Lockport, N. Y. 
vatment and CaraBIN, M. A., (Sub.-1), librarian, Detroit Edison Co., 2000 Second Ave., 
castings of Detroit. 
red how the sk, J. RUSSELL, (M-12), vice-president and general manager, W. R. Case 
re improved & Sons Cutlery Co., Bradford, Pa. 
COCHRANE, CHARLES F., (M-12), superintendent, forging department, Tacony 
‘he common Steel Co.; mail 5376 Chew St., Germantown, Philadelphia. 
ved and th | CONTINENTAL Woop Screw Co,, (8-12), P. Sweeney, treasurer and general 
types. Ar manager, 459 Mt. Pleasant St., New Bedford, Conn. 
carbon, 1.5 COONEY, WILLIAM P., (M-11), foreman, hardening department, Nice Ball 
it. treatment Bearing Co.; mail 1818 Graham Lane, La Mott, Pa. 
OPER, FREDERICK, (J-1), student, Temple University; mail 117 Walnut Ave., 
ely adopted Wayne, Pa. 


nde possible DANLY MACHINE SPECIALTIES INC., (8-1), Philo H. Danly, vice-president, 4911 
steel has a Lincoln Ave., Chicago. 
owever, th 


DAVILLE, GEORGE, (M-12), laboratorian, Hyatt Ball Bearing Company; mail 

steel of the 168 Clinton Ave., Newark, N. J. 

s too costly DuRNING, JosepH F., (M-12), general foreman, J. G. Brill Co., Philadelphia. 

the rate of ELectaic DentTaL Mrge. Co., (8-12), David Keller, rep., Thirty-third & Arch 

drawn con Sts., Philadelphia. 

dations fo ‘TRIS, GeorGE §., (A-11), clerk, Henry Disston & Sons; mail 515 Morgan 
Ave., Palmyra, N. J. 


during th Faison, W. A., (M-12), president and general manager, Atlantic Steel Cast 


D. Clar ings Co., Chester, Pa. 
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FeutsspurG, W. H., (M-12), foreman, The Curtis Publishing Com; 
146 W. Albanus St., Philadelphia. 

FoRJOHN, PETER, (M-6), heat treater, Naval Air Craft Factory, P 
mail 1541 8. Carlisle St., Philadelphia. 

Frasse & Co., Peter A., (S-12), A. B. Mead, vice-president, Wissi 
& Hunting Park, Philadelphia. 

GENERAL Motors CORPORATION, (Subs-1), Detroit. 

GRAHAM, THOMAS A., (M-12), apprentice engineer, National Tube Uo. 
wood City, Pa. 

GRIFFIN, FRANK A., (A-12), salesman, American Cyanamid Co. (Cya: 
pounds) ; mail 511 Fifth Ave., New York City. 

GUEVARA, Don Ricarpo, (Subs-1), Fabrica de Artilleria Trubia 
Spain. 

HAINES, CHARLES H., (M-1), open-hearth helper, Bethlehem Steel (o.; 
424 N. New St., Bethlehem, Pa. 

Iiarvey, W. L., (M-12), chief inspector, Caterpillar Tractor Company; 
517 Fifty-third St., Oakland, Cal. 

HFADLEY, JR., FRANK, (M-6), heat treater, Naval Air Craft Factory, Phil 
delphia; mail 21 Du Bois Ave., Woodbury, N. J. 

Hem, Orro H., (M-12), production department, U. 8S. Aluminum | 
Harvard Ave., Cleveand. 

HEINZELMAN, FRED, (M-1), proprietor, Precision Hardening Co.; 
Brown St., New York City. 

HENNING, FRED J., (J-10), student, Box 272, Carnegie Institute of Technology 
Pittsburgh. 


Oy Led 


0 
*% 


HENTy, EvBert J., (M-1), tool temperer, Syracuse Twist Drill (Co.; 
1008 South Townsend St., Syracuse, N. Y. 

Hiees, Roy E., (M-9), manager, Buffalo Apparatus Corporation; mail 
Wyoming St., Buffalo. 

Hopss, ALFRED, (M-11), annealer, Crucible Steel Co. of America; mail R. | 
D. No. 2, Skaneateles, N. Y. 

HOCHREITER, EDWARD J., (M-12), with Edward G. Budd Manufacturing Con 
pany; mail 29 E. Mt. Pleasant Ave., Philadelphia. 

JAMES, GEORGE J., (J-11), assistant chemist, W. B. Coleman & Co.; mail 631 
North Twenty-first St., Philadelphia. 

JANNETTE, NICHOLAS, (J-1), Junior chemist, Cosmo Laboratories; mail 1701! 
St. Clair Ave., Cleveland. 

KENNEDY, J. W., (M-11), 127 Genessee St., Rochester, N. Y. 

KENNEDY, NEIL, (M-1), metallurgist, William Kennedy & Sons, Ltd., Owen 
Sound, Ontario, Canada. 

Knicut, A. L., (A-10), salesman, Wheelock, Lovejoy & Co.; mail 243 White 
St., Waverley, Mass. 

KorpzuMI & Co., (Subs.-1), Furukawa-Cho San Jo, Kyoto, Japan. 

La CLepE Gas Ligut Company, (8-12), W. H. Whitton, vice-president and 
secretary, 11th and Olive Sts., St. Louis. 

Lewis, R. B., (M-12), engineer, Tinius Olsen Testing Machine Company; 

51 BK, Penn St., Germantown, Philadelphia. 
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LINDEBLAD, EINAR (S-1), president and general Manager, Klooter Steel Corp., 
1036 West Lake St., Chicago. 

LUNDY, CHARLES W., (M-12), hammerman, Crucible Steel Co.; mail 948 

Bellevue Ave., Syracuse, N. Y. 


Pe LIC 


Lyons, H. G., (Subs.-1), director, Science Museum, South Kensington, London, 


Ss. W. 7, England. 

\fazuoy, JoHN A., (M-12), clerk, L. Norris Hall, Inc:; mail 940 N. Front St., 
Philadelphia. 

\fansrieLD, W. M., (M-10), chief inspector, Erusco Steel Products Co.; mail 

. 1794 Euclid Ave., South Pasadena, Calif. 

\lyprson, THOMAS E., (P-9), engineer, Charles H. Tenney & Company, 200 
Devonhire St., Boston. 

\Meape, D. C., (A-11), office manager, Firth-Sterling Steel Co.; mail 85 West 
First St., Boston. 

\ierrim?, C. G., (M-12), metallurgist, Crucible Steel Company of America; 
mail 25 Jones St., Jersey City, N. J. 
\liLLER, RAYMOND M., (M-12), sales manager, Arthur H. Thomas Co., W. 
Washington Sq., Philadelphia. : 
MircuetL, C. K., (M-11), chemist, W. B. Coleman & Company; mail 15 
Girard Ave., Swarthmore, Pa. 

Mopsesk1, RALPH, (M-12), consulting engineer, 121 East 138 St., New York 
City. 

Moritz, RoperT, (M-1), shop superintendent, Samuel M. Lanston Company, 
Camden, N. J. 

Mynre, Joun S., (M-12), foreman, Hawkesworth Drill Co.; mail 2115 Argyle 
St., Butte, Mont. 

OsporNE, H. C., (M-12), superintendent, Interstate Drop Forge Company, 
Milwaukee. 

PATERSON, ROBERT, (M-12), superintendent machine shop, Wm. Cramp Ship 
Bldg. & Eng. Co.; mail 317 Nedro Ave., Philadelphia. 

Perrinos, GEorGE F., (S-12), 1206 Locust St., Philadelphia. 

Pierce, GEorGE R., (M-12), foreman forging department, Nicholson File Co.; 
mail 41 Radeliffe Ave., Providence, R. I. 

Ringway, CHARLES M., (M-12), assistant metallurgist, Cyclops Steel Co.; 
mail Box 126, Hydetown, Pa. 

Roperts, Epwarp E., (A-1), salesman, Firth-Sterling Steel Co.; mail 93 
Wilbury Place, Buffalo, N. Y. 

RoBINSON, P. A., (M-12), assistant superintendent trans. dept., Phila. 
Electric Co.; mail 1417 Hunting Park Ave., Philadelphia. 

Rocrrs, DANIEL I., (M-12), G. & O. Mfg. Co., New Haven, Conn. 

Ross, ANTHONY, (M-12), special apprentice, American Steel Foundries; mail 
607 Veronica Ave., East St. Louis, Il. 

Rosk, Georce S., (M-8), metallurgical department, Alan Wood Iron & Steel 
Co.; mail 211 Woodside Ave., Narbeth, Pa. 

ROWLAND, INc., WintdaAM & Harvey, (S-1), Tacony & Lewis Sts., Philadelphia. 

SADLER, FRED G., (M-12), heat treater, Baltimore Tool Wks.; mail 108 Grant 


St., Baltimore. 
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ScuEmp, Ropert B., (A-12), office man, Columbia Tool Steel 
Sycamore St., Milwaukee. 

ScHNEIDER, A. W., (M-12), works manager, Reed Prentice Co., 667 Cam} 
St., Worcester, Mass. 

SINGFIELD, J. H., (M-1), pyrometer engineer, U. 8. Aluminum Company: 
4226 East 119th St., Cleveland. 

SPINDLER, G., (A-12), manager, Spindler & Sauppe; mail 86 Third St. 
Fransicso. 

STAPLETON, JOHN J., (M-12), superintendent, Bay State Stamping Company. 
mail 380 Chandler St., Worcester, Mass. 

TCHARNOWSKY, Pror. N., (M-1), Moscow-Zemlianoi, Val. 47, Apprtm 5, Unio, 
of Soc. Soviet Republics. 

WatsH, JOSEPH D., (A-12), salesman, Acme Refining Company, W. & L. F 

R. R., Cleveland. 
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DISCUSSION—ON MARTENSITE 


(Continued from Page 239) 













phenomena, although it hardly requires further verification. We did it in a 
little different manner, namely, by using an oil hardening steel and quenching 
in oil for a short time (about twenty seconds), followed by cooling in air 
In this way we exaggerate the effect due to slower cooling and obtained a 
very marked increase in the amount of austenite. It is rather difficult to de- 
tect the greater amount of austenite in oil quenched than in water quenched 
steel, but by retarding further the cooling rate of oil quenching through th 
hardening transformation a very marked effect is obtained, and that has been 
verified by X-ray analyses also. 
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ITEMS OF INTEREST 


Items of Interest 


role new metallurgical laboratories of the Pittsburgh Experiment Sta- 
| tion of the Bureau of Mines, Department of Commerce, were formally 
opened on the evening of January 26. Members of the Metallurgical 
\dvisory Board of Carnegie Institute of Technology and the Bureau of 
Mines were present. Others prominent in the mining and metallurgical 
felds attended. 

The new metallurgical laboratories are the outgrowth of an agree- 
nent made in 1923 under which Carnegie Institute of Technology appointed 
an advisory board for its Department of Metallurgy and arranged for co 
operative research fellowships in metallurgy at the Pittsburgh Experi 
ment Station of the Bureau of Mines. Under the arrangement, certain 
problems in the metallurgy of iron and steel formerly conducted at the 
Northwest Experiment Station of the Bureau of Mines, Seattle, Wash., 
are being studied at Pittsburgh. In the study of these problems, the well 
equipped laboratories of Carnegie Institute of Technology will be avail- 
able to supplement those of the Bureau of Mines. 

Among the technical problems that are being studied by the newly 
established metallurgical section are the melting of sponge iron; reduc- 
tion and carburization in iron smelting; mill ball compositions and pre- 
parations; abnormality in case carburized steel; non-metallic inclusions of 
steel; and requirements for open-hearth refractories, 

In the study of these problems the large technical staff of the Bureau 
of Mines will be assisted, by members of the faculty of Carnegie Institute 
of Technology and by the members of the Metallurgical Advisory Board, 
which is composed of prominent metallurgists connected with the in- 
dustrial organizations of the greater Pittsburgh district. Some of the 
investigations will be conducted largely in operating plants in and near 
Pittsburgh. Other agencies in close proximity that will help facilitate 
the work are the University of Pittsburgh, the Mellon Institute, and the 
Carnegie Library. 

The equipment of the new metallurgical laboratories includes a modern 
electrie-furnace laboratory well arranged for fundamental work in many 
branches of the metallurgy of iron and steel; a metallographic laboratory; 
and a chemical laboratory. 

The metallurgical section of the Pittsburgh Experiment Station is 
under the general supervision of D. A. Lyon, assistant director and chief 
metallurgist of the Bureau of Mines, and S. P. Kinney, the supervising 
ferrous metallurgist. The latter correlates all of the ferrous work of the 
Bureau and conducts blast-furnace investigations. The work of the 
metallurgical section is directly in charge of the section chief, C. E. 
Sims, who is also the electrometallurgist of the Bureau, and who handles 
all work pertaining to electrometallurgy or the electric furnace. 
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F. W. Schroeder, a chemist, who has done graduate work in cerg 
and extensive research work on refractories, will handle the work of th, 
section having to do with the metallurgical requirement of refraction. B. \ 
Larsen, a chemical engineer, who has specialized in metallurgy, will cond 
research problems in the metallurgy of steel. A. K. Hutton handles 


analytical work. 


The work of the metallurgical section is aided and supplemented }, 
fellowships supported by Carnegie Institute of Technology and by loca! 
industries. The four fellows working on metallurgical problems this yea; 
are R. B. Norton, a graduate of Massachusetts Institute of Technology, in 
electrochemistry; G. H. Pfeiffer, a graduate of Rose Polytechnic Institute. 
in chemical engineering; Abraham Grodner, a graduate of Carnegie Insti 
tute of Technology, in mechanical engineering; and E. A. Hertzell, 


‘ 
} 
a 


graduate of Pennsylvania State College, in chemical engineering. 


Holeroft & Company announce that they are furnishing and installing 
the new continuous malleable annealing furnace now under construction at 


the Northwestern Malleable Iron Company. This furnace is claimed to have, 


many advantages over the complete mufiled type furnace. 


The National Academy of Sciences has recently appealed to a body of 
prominent public men to join with the leading scientists of the country in an 
endeavor to secure larger resources for research in pure science. It is hoped 
that an annual income of a least two million dollars can be secured to estab 
lish national research professorships and in other ways to cooperate with 
universities and other institutions throughout the country which are prepared 
to do their full share in the encouragement and support of fundamental re 
search in the mathematical, physical and biological seiences. While the United 
States is leading all nations in industrial research, it is falling far behind in 
pure science research, and thus is failing to produce the new knowledge upon 
which advances in applied science must rest. 

The Academy has created a special board of trustees for these funds 
which includes A. A. Michelson, president of the National Academy of Sciences 
and Nobel prize winner; Gano Dunn, chairman of the National Researcl 
Council; Vernon Kellogg, permanent secretary of the National Research Coun 
cil; Elihu Root, Herbert Hoover, A. W. Mellon, C. E. Hughes, J. W. Davis, 
Colonel E. M. House, Julius Rosenwald, Cameron Forbes, Felix Warburg, H. 5. 
Pritchett; Dr. R. A. Milliken, foreign secretary of the National Academy of 
Seiences and Nobel prize winner; Dr. J. C. Merriam, president of the 
Carnegie Institution of Washington; O. D. Young and H. M. Robinson; Dr. 
Simon Flexner, director of the Rockefeller Institute for Medical Research; 
Dr. J. J. Carty, vice-president of the American Telephone and Telegraph Com 
peny; Dr. W. H. Welch, director of the School of Hygiene and Public Health 
of Johns Hopkins University; Dr. J. H. Breasted, director of the Oriental 
Institute of the University of Chicago; Professor L. R. Jones of the Universit) 
of Wisconsin; Professor A. B. Lamb of Harvard University; Professor Oswald 
Continued on Page 34 Adv. Sec. 
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ADVERTISING SECTION 


EMPLOYMENT SERVICE BUREAU 


POSITIONS WANTED 


METALLI RGIST-CHEMIST, with 14 years’ experi- 
once, embracing the nonferrous and ferrous industry, 
cluding the ferro alloys of tungsten, molybdenum 
nd vanadium, Past work included physical testing, 
nolvsis, metallography, heat treating. Available on 


h rt notice. Address 2-20. 


METALLURGIST CHEMIST with eight years’ uni- 
versity and technical school training desires position. 
Experience covers three years in chemical and two 
vears in financial field. Address 4-55. 


\ETALLURGIST CHEMIST, aged 33, with 10 years’ 
experience, desires to change position. Experience 
mbraces blast furnaces, open hearths, electric fur- 
naces, foundry, chemical analysis and physical test- 
ing, metallography and photomicrography of alloy 
see], also of iron and steel castings. University 
graduate. Location unrestricted. Address 1-40. 


CHEMICAL ENGINEER, university graduate, desires 
to change position. Has had 4 years’ experience in 
the chemical analysis, physical testing, metallogra- 
phy and heat treatment of steel and nonferrous 
l] Address 1-60. 


POSITIONS OPEN 


WANTED—Thoroughly experienced steel plant 
nalyst; must be capable of handling all usual 
steel plant work. State age, experience and ap- 
proximate salary expected. Near Pittsburgh. Ad- 


WANTED: Alert, well-trained, energetic research 
worker, with good personality. Good general foun- 
dational training in metallography necessary, and 
several years’ graduate, or equivalent work in an 
industrial laboratory, in nonferrous metallurgy, de- 
sirable. Salary commensurate with qualifications of 
applicant. Applicant please state qualifications fully 
ind give references, age, nationality, religion, whether 


married 


| or single, and salary desired. Address 1-20. 


WANTED—A Detroit representative on liberal salary 
plus commissions and expenses. Must be familiar 
with carburizing, and have a good following among 
heat treaters and metallurgists. Address 1-15. 


Large company located in Connecticut has an opening 
or a HEAT TREATER who understands the present 
methods of tool hardening. An excellent opening for 
a good man. Address 1-30. 


ish Man about 30, preferably married. Spe- 
oe — in hardening of fine tool steels. Capable of 
satan ae _ Able to meet people. Excellent op- 
or for right man. Location about 100 miles 
“st of Chicago, Address 1-35. 


POSITIONS OPEN 


WANTED: Steel salesman—Man capable of developing 
mill shipment accounts; to represent steel mill spe- 
cializing in tool and special steels. No warehouse. 
Territory Cleveland district, including Ohio. State 
training, experience and salary expected. Address 1-5. 


Manufacturing concern has a splendid opening for a 
successful engineer who kas had experience in selling 
industrial electric heating furnaces. State age, ex- 
perience and education. Address 1-50. 


WANTED 


WANTED—A used Leitz Model M. M. microscope in 
first-class condition. Address 1-25. 


WANTED—Metallographic Laboratory Equipment 
Tensile Testing Machines ~ 
Hardness Testers 
Microscopes 
Photographic Apparatus 
Small Annealing Furnaces Gas 
Electric 
Small Crucible Furnaces J Oil 
Pyrometers 
Send descriptive literature and prices. Address 2-10. 


FOR SALE 


FOR SALE—One 50 c. c. burette for calibration work 
and one 50 c. c. pipette for rough measurement. Both 
are in excellent condition, the burette being used for 
only 9 school-months and the pipette for about 3 
years. About one pound of assorted rubber stoppers 
will be given away with these instruments. Will sell 
at whatever price you care to pay. The burette has 
the acceptable error of 0.03 per cent. Address 1-10. 


FOR SALE—One-half interest in a well established 
commercial steel treating company. Long lease 
on building. Free of debt and making money. Full 
particulars on request. A snap for somebody. Ill 
health the cause for selling. Address all communi- 
— to Claude L. Acker, 655 Leib St., Detroit, 
Mich. 


FOR SALE: Leitz Micrometallograph (camera 
and complete microscope with optical equipment) 
in perfect condition. Address 2-15. 


Chambersburg Board Drop Hammers for 
Immediate Disposal 


Due to the increase in weight of our product, neces- 

sitating the installation of larger hammers, we have 

for immediate sale 

1—1000!tb Chambersburg Board Drop Hammer, Serial 
No. 2428, installed new in 1915. 

1—1400!b Chambersburg Board Drop Hammer, Serial 
No. 2362, installed new in 1914. 

1—1500 tb Chambersburg Board Drop Hammer, Serial 
No. 3367, installed new in 1918. 

The hammers are in A-1 shape, are still on their 

foundations ready to operate and can be inspected at 

any time at our Coraopolis Plant. 

To make room for other equipment, it is desired to 

dispose of these hammers quickly at bargain prices. 

Pittsburgh Knife & Forge Company, 
Coraopolis, Pa. 
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Veblen of Princeton University; Dr. T. H. Morgan of Columbia 
and Dr. G. E. Hale of the Mount Wilson Observatory. Mr. Hoo 
requested to act as chairman of the board and has accepted. 

In discussing the vital need for greater financial support of 
research, Mr. Hoover said: 





PUTeC SClen 


‘While we have in recent years developed our industrial res: 
scale hitherto unparalleled in history, we have by no means kept 
development of research in pure science. The sudden growth of 


h upon i 


pace in the 


Industri; 
research laboratories has in itself endangered pure science research by drafting 
the personnel of pure science into their ranks. Thus applied science jtgais 
will dry up unless we maintain the sources of pure science. We must add ti 
knowledge, both for the intellectual and spiritual satisfaction that comes fro) 


widening the range of human understanding, and for the direct practic) 
utilization of these fundamental discoveries. A special study in an industri, 
laboratory, resulting in the improvement of some machine or process, js of 
great value to the world. But the discovery of a law of nature, applicable jy 
thousands of instances and forming a permanent and ever available additioy 
to knowledge, is a far greater advance.’’ 

Elihu Root is no less emphatic than Herbert Hoover in his appreciation 0; 
fundamental scientific research. He says: 

‘‘Every practical advantage gained in utilizing natural forces for th 
benefit of mankind can be traced back to a necessary basis established through 
fundamental research in pure science by men who had no other object than t 
ascertain the truth. If that kind of research ends, progress in applied science 
must presently also end. Fundamental research requires systematic support 
because it does not present the manifest promise of immediate profits. I think 
the proposed organization for the purpose of securing such support is ver 
important and will be of the greatest value. I am much gratified that Mr 
Hoover is willing to give his great ability and prestige to making the ne 
undertaking a success.’’ 

Judging from our progress in other fields, we do not lack competent men 
for research, officials of the Academy explain. Too often, with the comfort ot 
their families at heart, such men reluctantly accept well-paid industrial posi 
tions instead of poorly-paid academic posts, it is pointed out. The problem 
is to make these posts so attractive that the ablest men will seek and hold 
them permanently because of the opportunities they offer to advance knovl. 
edge by fundamental research. This can be done by providing adequate 
salaries, freedom from too much teaching or administration, necessary instru 
ments and apparatus, and skilled assistance to perform the extensive routine 
operations that scientific research involves. In short, abje investigators 
should be given some such comfort in life, freedom of action, and oppor 
tunity for constructive thought that industrial and administrative officers in 
this country, certainly of no larger caliber, habitually enjoy. One way to 
accomplish this is by establishing national research professorships, or similar 
positions, in cooperation with universities vitally interested in the advance 
ment of science. One hundred National Research Fellowships, financed by the 
Rockefeller Foundation and the General Education Board, are bringing the 
Continued on Page 36 Adv. Sec. 
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ADVERTISING SECTION 






FISHER 
BRINELL-HARDNESS 
TESTER 





Patented 
November, 1919 


Advantages 


1. Results in Brinell numerals, the International Standard. 

2. A patented feature eliminates leakage of the hydraulic fluid. 

3. The pressure is applied uniformly (without pulsations). 

4. Accommodates pieces from 3/16 inch to 12 inches. 

§. The leveling stage makes it possible to test irregular shaped pieces. 


An extra test gauge enables the operator to double-check the readings. 


Headquarters for Metallurgical Testing Apparatus 


Our new catalogue of up-to-date Testing Apparatus (640 pages ) 
will be sent free of charge to Metallurgical Laboratories. 






FISHER Screntiric ComPANy 


LABORATORY SUPPLIES 








PITTSBURGH, PA.US.A. 
FORMERLY SCIENTIFIC MATERIALS CO. 


When answering advertisements please mention ‘‘ Transactions’’ 
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best advanced students in the physical and biological sciences and 


into research. The next important step is to improve the acaden ondit 


under which such men, and more especially the mature inves 


vators 
demonstrated success, conduct their work. 





‘*Wild-Barfield Electric Furnaces’’ is the title of a 24-p, 
published by Automatic and Electric Furnaces Ltd., 173-175 
Road, London, England. <A _ statement of the work which 


the manufacture of this furnace is given. Section A of th 


Damp 
deals with the theory of electro-magnetic hardening, and gives jn de: 
the operation cost. Section B describes and illustrates the ‘‘ Wild-Barfio}, 


tempering baths and ovens. ‘here are illustrations of the furnac 


plants of various manufacturers. 


The International Nickel Company of 67 Wall Street, New York Cin 
has recently issued a 14-page pamphlet entitled ‘‘The Monel Metal 
Nickel Buyers’ Guide.’’ The publication contains a list of the 1 
turers from whom various products can be obtained. 


hanuts 


In a booklet with the title ‘‘Pyrometers,’’ Wilson-Maeulen Compan 
Ine., 383 Concord Avenue, New York City, give a description of the 


matic electric compensator for pyrometer cold junctions, their latest 


+ 


provemé in their pyrometers. 


A convenient reference folder, ‘‘The Heat Transfer Equipment,’ 
been published by the Griscom-Russell Company, 285 Madison Ave., \i 





York City. This gives a description of condensers, heat exchang 
gas and water coolers, evaporators, oil heaters, ete. 





A 24-page booklet entitled ‘‘Hacksaw-ology’’ has been issued 


Simonds Saw & Steel Company of Fitchburg, Massachusetts. Th 
phlet gives information on the use and care of hack-saw blades. 


I 





John E. Halbing, for many years with the Ingersoll Rand Company 
of Phillipsburg, N. J., and for the last three years in charge of heat t: 
ing at Willys-Morrow Company of Elmira, N. Y., has accepted a posit 
as superintendent of heat treating at Denver Rock Drill Company, Der 
Colo., and began his new work on the first of January. 





A. G. Henry, formerly with the Perfection Tool Hardening Com; 
of Chicago, announces his connection with the Danly Machine Specialt 
Ine., as metallurgist, effective January 1, 1926. Mr. Henrv is 
exceedingly active member of the A. 8. 8. T., being a founder mem 
and is the secretary of the Chicago Chapter, which office he has held f 
number of years. 


J. S. Adelson, formerly assistant chief metallurgist of the K/ynia lron & 
Steel Co., Cleveland, has been appointed chief metallurgist of that compa! 


Frank Hudson, formerly with the Warren Foundry and Pipe Compal, 


Phillipsburg, N. J., has been appointed metallurgist of the Wyoming Sho 
Works, Wyoming, Pa. 


Continued on Page 38 Adv. Sec. 













t] 
tl 


11 


he pamphlet 
es in detaj 
ild-Barfield”’ 


rhnace in tt 


\ York City 
| Metal and 


the mannufa 


len Compan 
of the aut 


ir latest in 


ipment,’’ | 
yn) Ave.. Ne 


t exchangers 


ides. 

and Company 
of heat treat 
ted a positiol 


pany, Denver 


ning Compal 
ne Specialties 
Henrv 

inde! member 


has held for 
. KElvria lron & 
that company. 


Pipe Compaly, 


Vvoming Shove 


ADVERTISING SECTION 


Permanent Magnet Steel 


Composition is but one factor in the making of Permanent 


; Magnet Steels. Thermal treatments before the steel goes to the 
| customer are governing factors in obtaining proper values in 
> finished magnets. 


Simonds magnet steels are furnished in both Tungsten and 


| Chromium grades in sheets, strips or bars. When required in 
' the annealed condition, a special anneal is given, depending on 
‘the method of magnet manufacture. This anneal, while soften- 
| ing sufficiently to allow of cold working or blanking, is so regu- 
lated as to prevent loss of magnetic properties. Ordinary an- 
S nealing will lower perceptibly these important values. 


We maintain a magnetic testing laboratory for our own de- 
velopment work and to co-operate with our customers in helping 
them to produce a product of the highest quality. This service 
and our experience are available to those interested in producing 


high grade permanent magnets for meters, magnetos, radio work 


Sand the like. 


We welcome the opportunity to improve your product, and 
to solve any of your present problems. 


SIMONDS STEEL MILLS 
LOCKPORT, N. Y. 


SIMONDS 


J / ‘ OI oy) ° . . ’° 
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A fossil of a tree branch, described as one of the finest s; 
uncovered and said to be more than 100,000,000 years old, has a 
by workmen in the Harmar Mine of the Consumer Mining ( 
Harmarville, Pa., and is now on exhibition in the Department of Mini, 
the Carnegie Institute of Technology. Through the efforts Gi 
Gehres, general superintendent of the mine, the fossil has been presente 
the Department of Mines of Carnegie Tech, on behalf of Isaac My. g 
President of the Wheeling Steel Corporation. 

This unusual fossil was discovered by a crew of miners whi 
down slate in one of the entries of the Harmar mine. The specimen, 
ing to Dr. C. R. Fettke, professor of geology, and Edward Steidle, su; 
of the cooperative mining courses, is a Lepidodendron Lanceolatum, w) 
is one of the principal plants forming important coal deposits. It grew, 
say, during the Pennsylvanian period of the carboniferous age more thay ; 
hundred million years ago. 

The fossil represents the top of a tree and stands about four feet | 
the branches having a spread of about three feet. The main brane| 
about two inches thick at the butt, and in its present carbonized forp 
almost as thin as paper. The Carnegie professors describe it as a ¢ 
example illustrating the great amount of plant and vegetable matt 
necessary to form a single bed of coal six feet thick. 

The woody part of the fossil is carbonized. In other words, 
turned to coal. The uniqueness of this remarkable find lies in the fac 
officials of the department point out, that the specimen shows so man) 
tails such as bark markings, limbs, twigs, and leaves. 

In the opinion of David White, chairman of the Division of Geolog 
of the National Research Council, who is considered an authority on car 
boniferous plants, the fossil at Carnegie Tech is one of the finest of its 
kind that has yet been uncovered. Although it is not uncommon to tun 
up carbonized fossils showing twigs, butts, and other parts of trees in mines 
it is rare, it is said, that a specimen, showing any details of growth, 
produced, 

The fossil has been properly treated to prevent air slacking and 
mounted in the geological laboratory for its special value in teaching t 
geology of coal as well as a permanent exhibit. 


| O. R. Smith has resigned his position as chief chemist and engineer 
4 tests for W. B. Coleman & Company, Philadelphia, and has accepted | 
| position of research chemist and metallurgical engineer for the York Met 
and Alloy Company, York, Pa. 





The main office of the Griscom-Russell Company, manufacturers 
evaporators, water heaters, oil and water coolers and steam specialties, 





moved from 97 West Street, New York City, to-285 Madison Avenue, \ 
York City. 

The United States Civil Service Commission announces open compel 
tive examinations for the positions of organic chemist and physical chemist. 


Receipt of applications for these positions will close Februar) “) 
Continued on Page 40 Adv. Sec. 
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ADVERTISING SECTION 


MIDVALE 
' CARBON TOOL STEELS 


Made to Sell for a Purpose—Not a Price 
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Our experience of over 


S0 years in the manufac- 














ture of Steel Specialties 
ouarantees you the Best 
S Tool Steels that can be 
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from our 


Steel Warehouses, 
are well stocked with the 
standard and many of the 
odd sizes so often needed. 
We Tool 


Steel every purpose. 


have a proven 


for 
A 32-Page Pamphlet just from 
the press gives useful hints on the 
handling of Carbon Tool Steels, 
as well as the proper grades for 
each purpose. Write for it. 


\ letter or wire today 


will have the steel in your 
shop or in transit tomor- 


row. 


THE MIDVALE COMPANY 


NICETOWN, PHILADELPHIA 


DISTRICT OFFICES: 


WASHINGTON CHICAGO 
CLEVELAND SAN FRANCISCO 


NEW YORK PITTSBURGH 
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The examinations are to fill a vacancy in the position of orga; 


© chemist 
ton, D. ¢, 
of Mines, 


ancles in POsi- 


in the Bureau of Chemistry, Department of Agriculture, Washin 
a vacancy in the position of physical chemist in the Burea 
Department of Commerce, for duty at Pittsburgh, Pa., and vae 
tions requiring similar qualifications. 


The entrance salary is $3,800 a year. After the probationa period of 
six months required by the civil service act and rules, advancement jy pay 
may be made without change in assignment up to $5,000 a year, Pro. 
motion to higher grades may be made in accordance with the civi] servies 
rules as vacancies occur. 


Another open competitive examination is announced by the (jyj 


Service Commission for the positions of associate metallurgist, $3.00 per 


year, and assistant metallurgist, $2,400 per year. 


Receipt of applications for these positions will close March 2. hp 
examinations are to fill vacancies in the Bureau of Mines, Department of 


Commerce, and in positions requiring similar qualifications. 
Full information and application blanks may be obtained from the 
United States Civil Service Commission, Washington, D. C., or the secre. 


tary of the board of U. 8. civil service examiners at the post office or 


customhouse, any city. 


D. A. Stuart & Co., of Chicago, have recently published a semi-technical 
20-page booklet on the subject of metal-working and heat-treating oils, 
The booklet gives considerable helpful information on emulsifying oils and 
compounds, describing the various kinds of oils manufactured by the Stuart 
Company and stating the advantages of the different types. The booklet 
will be mailed to anyone interested. ' 


H. Oliver Williams, efficiency engineer, attached to the executive 
department of the Bethlehem Steel Corporation, Bethlehem, Pa., has 
resigned his position to become vice-president in charge of sales of the 
Braeburn Alloy Steel Corporation, Braeburn, Pa. 

In steel circles Mr. Williams is widely known, as for twelve years he 
was affiliated with the Carnegie Steel Company in the Homestead and 
Duquesne Steel Works, and later was assistant to J. M. Camp, chief of 
bureau of instruction, Pittsburgh, Pa., and he was also connected with the 
general sales of Carnegie Steel Company, and in 1919 resigned from that 
company to become assistant manager, railroad division of the general 
sales, Midvale Steel & Ordnance Corporation, Philadelphia, Pa., and sub- 
sequently transferred to the Cambria Plant, Johnstown, Pa., as assistant 
to the general superintendent, which post Mr. Williams maintained until the 
Bethlehem Steel Company acquisition, at which time he was appointed 
assistant to the general manager, later being transferred to the executive 
department, Bethlehem, Pa., from which position he has resigned to 
assume active management of the sales of Braeburn Alloy Steel Corport 
tion, Braeburn, Pa. 

Mr. Williams was also president of the Conemaugh and Blacklick Rail- 
road. 
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